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Abstract 
This thesis project assesses phylogenetic relationships within the phylum Cnidaria, 
at the subclass level within the Class Anthozoa, and at the ordinal level within the Subclass 
Octocorallia. Traditional cladistics using morphological data have resulted in disagreements 
over taxonomic relationships, primarily due to a paucity of morphological characters within 
the Anthozoa and ambiguity about the significance of any given character. I have used 
DNA sequence information to help resolve some of these issues. These phylogenetic 
studies contribute to the understanding of divergence within the class Anthozoa. 
Museum collections of preserved flora and fauna historically used for 
morphological studies are now increasingly being utilized for addressing genetic questions. 
The extraction of DNA from ethanol-preserved specimens of recent origin is practiced 
routinely, but genetic analyses of long-preserved specimens have inherent difficulties due 
to the slow degradation of DNA. The goal of this study was to demonstrate the feasibility 
of isolating genomic DNA from museum specimens of octocorals and amplifying the 
nuclear 18S ribosomal RNA gene. The DNA sequence for the complete 18S rRNA gene 
can then be determined. Techniques were designed to solve several problems for obtaining 
genetic sequences from museum specimens. The DNA extractions of museum specimens 
yielded only small amounts of DNA of very low molecular weight, which limits the length 
of Polymerase Chain Reaction (PCR) products that can be generated with standard 
protocols. I was successful in producing PCR fragments from museum specimens by 
performing an extended tissue digestion on the archival specimens, running an initial PCR 
reaction, and then following with a reamplification of the original PCR product. The use of 
taxon-specific PCR primers decreased the risk of amplifying contaminant DNA rather than 
the target DNA in archival specimens. The combination of our modified extraction protocol 
and PCR reamplifications with taxon-specific PCR primers allowed me to generate 700- to 
1800-basepair sequences from 16 specimens from three different museum collections that 
had been preserved for up to fifty years. 
Taxonomic relationships within the corals and anemones (Phylum Cnidaria: Class 
Anthozoa) are based upon few morphological characters: colony morphology and the 
structure of the tentacles, gastric mesenteries, nematocysts, and skeletal axis. The 
significance of any given character is debatable, and there is little fossil record available for 
deriving evolutionary relationships. In this study I use complete sequences of 18S 
ribosomal DNA to examine subclass-level and ordinal-level organization within the 
Anthozoa. I investigate whether the traditional two-subclass system (Octocorallia, 
Hexacorallia) or the current three-subclass system (Octocorallia, Hexacorallia, 
Ceriantipatharia) is better supported by sequence information. I also examine the 
phylogenetic affinities of the anemone-like species Dactylanthus antarcticus and the 
putative antipatharian Dendrobrachia paucispina. Thirty-eight species were chosen to 
maximize the representation of morphological diversity within the Anthozoa. Maximum 
likelihood techniques were employed in the analyses of these data, using relevant models of 
evolution for the 18S rRNA gene. I conclude that placing the orders Antipatharia and 
Ceriantharia into the Subclass Ceriantipatharia does not reflect the evolutionary history of 
these orders. The Order Antipatharia is closely related to the Order Zoanthidea within the 
Hexacorallia and the Order Ceriantharia appears to branch early within the Anthozoa, but 
the affinities of the Ceriantharia cannot be reliably established from these data. My data 
generally support the two-subclass system, although the Ceriantharia may constitute a third 
subclass on their own. The Order Corallimorpharia is likely polyphyletic, and its species 
are closely related to the Order Scleractinia. Dactylanthus, also within the Hexacorallia, is 
allied with the anemones in the Order Actiniaria, and their current ordinal-level designation 
does not appear to be justified. The genus Dendrobrachia, originally classified within the 
Order Antipatharia, is closer phylogenetically to the Subclass Octocorallia. The 18S rRNA 
gene may be insufficient for establishing concrete phylogenetic hypotheses concerning the 
specific relationships of the Corallimorpharia and the Ceriantharia, and the branching 
sequence for the orders within the Hexacorallia. The 18S rRNA gene has sufficient 
phylogenetic signal, however, to distinguish among the major groupings within the Class 
Anthozoa, and I can use this information to suggest relationships for several enigmatic 
taxa. 
The Subclass Octocorallia (Phylum Cnidaria: Class Anthozoa) is comprised of the 
soft corals, gorgonian corals, and sea pens. The octocorals have relatively simple 
morphologies, and therefore few characters upon which to base taxonomic systems. 
Historically, the Subclass Octocorallia was divided into seven orders: Helioporacea 
(Coenothecalia), Protoalcyonaria, Stolonifera, Telestacea, Alcyonacea, Gorgonacea, and 
Pennatalacea. It has been aigued that this an- angement exaggei ates the amount of 
variability present among the species of the Octocorallia. The current taxonomy recognizes 
the two orders of Helioporacea (blue corals) and Pennatulacea (sea pens), and assembles 
the remaining species into a third order, Alcyonacea. The species within the Alcyonacea 
exhibit a gradual continuum of morphological forms, making it difficult to establish 
concrete divisions among them. The subordinal divisions within the Alcyonacea 
correspond loosely to the traditional ordinal divisions. In this study I address the validity 
of the historical ordinal divisions and the current subordinal divisions within the Subclass 
Octocorallia. I also explore the phylogenetic affinities of the species Dendrobrachia 
paucispina, which was originally classified in the Order Antipatharia (Subclass 
Ceriantipatharia). Polyp stnicture indicates a closer affinity between Dendrobrachia and the 
Subclass Octocorallia. I have determined the nuclear 18S rRNA sequences for 41 species 
of octocorals, and use these to construct a molecular phylogeny of the subclass. I utilize 
Maximum Likelihood techniques, employing a realistic model of evolution given these 
species and this data set. The most likely trees from these sequence data do not support the 
morphological taxonomy of the Octocorallia. The Order Pennatulacea is the most cohesive 
group within the subclass, but is not monophyletic. The most likely trees indicate three 
primary clades, one of which is undifferentiated and contains half of the species in this 
analysis. These data cannot distinguish among the branching order of these three clades. 
The morphological character of dimorphism (the presence of both autozooids and 
siphonozooids within a single colony) corresponds loosely with the topology of the most 
likely trees, and the monophyly of dimorphism cannot be rejected from these data. The 
species Dendrobrachia paucispina has a close affinity with the genera Corallium and 
Paragorgia (Alcyonacea: Scleraxonia), although its morphology suggests it is more similar 
to the genus Chrysogorgia. The genetic divergence found within genera is approximately 
equivalent to that found in other invertebrates, but the divergence found within families is 
greater in the octocorals than in other invertebrates. This difference may reflect the 
inappropriate inclusion of evolutionarily divergent genera within octocorallian families. 
This study is more thorough than other anthozoan molecular phylogenetic studies to date. 
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have employed appropriate evolutionary models for maximum likelihood analyses, utilizing 
complete 18S rDNA sequences from the majority of families within the Octocorallia. Many 
of the relationships within the Octocorallia, however, remain ambiguous. 
Thesis Supervisor: Dr. Lauren Mullineaux 
Title: Associate Scientist, Woods Hole Oceanographic Institution 
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Knowledge of evolutionary systematics is fundamental to our understanding of the 
processes that influence the biological world. Life on this planet survives thanks to a 
complicated web of interactions involving species from microbes to mammals. The faunal 
diversity that exists today is the result of evolutionary processes acting over millions of 
years. The forces behind evolution, and the details of how species change, are not well-
understood. Evolutionary changes cannot be observed directly on the time-scale of a 
human lifetime, so insight into these processes must be gained from other lines of 
evidence. The fossil record is invaluable for reconstructing morphological change. Not all 
species are readily fossilized, however, and often one must rely upon comparisons of 
existing morphological forms to hypothesize evolutionary relationships. 
Evolutionary relationships among species can be reconstructed by comparing 
character traits, assuming that species sharing the greatest number of common traits are the 
closest relatives of one another. Traditionally, morphological characteristics were used to 
determine phylogenies because the genetic changes behind those morphological traits were 
inaccessible or unknown. With the advent of molecular techniques, we can use protein and 
DNA sequence information as additional characters to reconstruct phylogenetic 
relationships. DNA sequence information can be useful in determining relationships where 
morphological associations are ambiguous or contradictory and a fossil record is lacking. 
A combination of morphological and molecular information will provide the maximum 
number of characters upon which to base a taxonomic system. 
This thesis examines phylogenetic relationships within the Class Anthozoa 
(Phylum Cnidaria). Cnidarians are some of the simplest of the invertebrates 
morphologically. They are diploblastic, possess a single body opening into a 
gastrovascular cavity, and have no specialized system for gas exchange, excretion, or 
circulation. The phylum is characterized by the presence of tentacles armed with stinging 
nematocysts. Many species exhibit an alternation of generations between a medusa stage 
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and a polyp stage. The species of the Class Anthozoa (anemones, corals, and sea pens) 
lack the medusa stage, and are exclusively polypoid. 
An early taxonomic classification of the Anthozoa recognized two subclasses (e.g. 
Minchin et al. 1900, Deichmann 1936, Hyman 1940) (Fig. 1A). The Subclass 
Hexacorallia contained the stony corals (Scleractinia), anemones (Actiniaria), the black 
corals (Antipatharia), tube-anemones (Ceriantharia), and other anemone-like species 
(Zoanthidea and Corallimorpharia). The Subclass Octocorallia contained the blue corals 
(Helioporacea), soft corals (Alcyonacea), gorgonian corals (Gorgonacea), and sea pens 
(Pennatulacea). The subclass-level divisions were based primarily on the numbers of 
tentacles (eight in the Octocorallia vs. multiples of six in the Hexacorallia) and the number 
of divisions within the gastrovascular cavity, termed septa or mesenteries (eight unpaired in 
the Octocorallia vs. multiples of six paired in the Hexacorallia). The ordinal-level divisions 
within the Hexacorallia were based on the type of skeleton present, if any, and finer 
distinctions in the mesenteries and tentacles. The ordinal-level divisions within the 
Octocorallia were based on attributes such as colony structure, skeletal composition and 
arrangement, and the structure and location of extraskeletal calcium spicules (Wells & Hill 
1956a). 
The current taxonomic system, proposed as early as the 1890's (van Beneden 
1897) but not adopted until the 1950's, recognizes three subclasses within the Anthozoa 
(Fig. 1B). The orders containing the black corals and the tube anemones were removed 
from the Hexacorallia and placed within their own Subclass, the Ceriantipatharia. This 
revision was based on two characters: the resemblance of the larval cerianthid (the 
cerinula) to the adult antipatharian polyp, and wealc and indefinite mesentery musculature 
(Wells & Hill 1956b). The Subclass Octocorallia was also revised based on the hypothesis 
that the species of the Octocorallia were not sufficiently different from one another to 
warrant distinction at the ordinal level (Bayer 1981). The new octocorallian classification 
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Class Anthozoa 
Subclass Hexacorallia 
Order Actiniaria 
Order Zoanthidea 
Order Corallimorpharia 
Order Scleractinia 
Order Antipatharia 
Order Ceriantharia 
Subclass Octocorallia 
Order Helioporacea (=Coenothecalia) 
Order Protoalcyonaria 
Order Stolonifera 
Order Telestacea 
Order Alcyonacea 
Order Gorgonacea 
Order Pennatulacea 
A 
Class Anthozoa 
Subclass Hexacorallia 
Order Actiniaria 
Order Zoanthidea 
Order Corallimorpharia 
Order Scleractinia 
Subclass Ceriantipatharia 
Order Antipatharia 
Order Ceriantharia 
Subclass Octocorallia 
Order Helioporacea 
Order Alcyonacea 
Suborder Protoalcyonaria 
Suborder Stolonifera 
Suborder Alcyoniina 
Suborder Scleraxonia 
Suborder Holaxonia 
Order Pennatulacea 
Fig. 1 	 Historical and revised taxonomic divisions within the Class Anthozoa. 
A. Traditional classification, e.g. Minchin et al. (1900), Deichmann 
(1936), Hyman (1940). 
B. Revised classifications, e.g. van Beneden (1897), Bayer (1981). 
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system retained the orders Helioporacea and Pennatulacea, and combined the remaining 
species into the Order Alcyonacea. The previous ordinal divisions were loosely maintained 
at the subordinal level within the Alcyonacea. 
The Anthozoa have a relatively simple morphology, with few characters on which 
to base their taxonomy. The divisions within the Hexacorallia can include differences in 
the numbers of tentacles and mesenteries, as well as the presence or absence of a skeleton, 
but the octocorals all have the same number of tentacles and mesenteries, reducing the 
number of characters even further for defining groups within the subclass. Morphological 
characters are so few in the octocorals that sometimes an entire group is defined by a single 
character (Hickson 1930). The various taxonomic arrangements have arisen from differing 
interpretations of the significance of these characters (e.g. Broch Sr. Horridge 1957 vs. 
Bayer 1993, concerning spicule morphology). The fossil record for the anthozoans is 
incomplete, because many of the species lack any solid skeleton which would be preserved 
more readily. 
Genetic data can be particularly useful for investigating these types of taxonomic 
relationships. Many genes are found universally in all living species, and can therefore be 
compared directly. This is true for very few morphological characters. Different regions 
of DNA evolve at different rates as a result of functional constraints, so a genomic region 
can be selected to be appropriate for the scope of the evolutionary question addressed. 
New methods of analysis have recently become tractable for large data sets. Researchers 
can now use appropriate models of evolution in their analyses, reducing the error 
introduced into the analysis from incorrect assumptions about the way genes evolve. 
In this thesis work, I used molecular phylogenetic methods to address questions of 
evolution within the Class Anthozoa. I sought to determine whether traditional 
morphological taxonomy or recent taxonomic revisions more accurately reflect the 
phylogeny of the class. Two specific questions pertaining to the Class Anthozoa have 
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arisen from conflicts in the interpretation of morphological data. The first question 
addresses the validity of the Subclass Ceriantipatharia within the Anthozoa. The placement 
of Ceriantharia and the Antipatharia in a separate subclass argues that these groups are of an 
evolutionary lineage separate from that of the other Anthozoa. A more fundamental aspect 
of this question is whether the ordinal divisions within the Hexacorallia and 
Ceriantipatharia, which are based exclusively on morphological differences, reflect the 
phylogeny of these species. 
The second question concerns the degree of genetic divergence among the major 
groups within the subclass Octocorallia, and whether the morphologically recognized 
divisions correspond to genetic associations found. I examined whether genetic divergence 
indicates that the morphological groups should be distinguished at the ordinal or subordinal 
level. The separation of groups at the ordinal level indicates these groups are more distinct 
from each other than if they were separated at the subordinal level. The revised taxonomy 
(Bayer 1981) suggests a closer relationship among the alcyonacean suborders than among 
the orders Helioporacea, Alcyonacea, and Pennatulacea. Measures of sequence divergence 
will indicate the relative differences within and among the seven historically recognized 
orders. If divergence is lower among the suborders of the Alcyonacea than among the 
orders Helioporacea, Alcyonacea, and Pennatulacea, this would suggest that the Order 
Alcyonacea with the current subordinal divisions is a more accurate reflection of the 
evolutionary history of the Octocorallia. 
This thesis project also examined the phylogenetic affinities of two taxa with 
intriguing morphologies. The first is the species Dactylanthus antarcticus, which is a 
member of the Order Ptychodactiaria within the Subclass Hexacorallia. The 
Ptychodactiaria are anemone-like, and were historically members of the Order Actiniaria 
(the anemones). Their musculature, nematocysts and mesenterial structure were 
subsequently deemed ancestral and unique from the other Actiniaria, and a new order was 
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created for them (Wells & Hill 1956c). The second species, Dendrobrachia paucispina, 
was originally classified with the Order Antipatharia (black corals) based on its skeletal 
axis. Recent examinations of polyp morphology suggest that Dendrobrachia is actually a 
member of the Octocorallia. Molecular information was utilized to clarify the phylogenetic 
affinities of these unusual species. 
I acquired individual specimens or DNA from species representing all of the orders 
and the majority of the suborders and families in the Class Anthozoa in order to construct a 
molecular phylogeny of the class. Species from all orders and most suborders of the 
Hexacorallia were obtained for my analyses, as well as members of 22 of the 30 extant 
families of the Octocorallia. This sampling scheme was devised to include representatives 
from across the morphological breadth of the Class Anthozoa. 
Specimens were collected by submersible from Fieberling Guyot in 1990 and 
Hawaiian seamounts in 1993 and 1996, and in coastal environments in the U.S., Bermuda, 
New Zealand, the Red Sea, and Panama. Sequences were determined from twelve alcohol- 
preserved specimens from the National Museum of Natural History, the Harvard Museum 
of Comparative Zoology, and the Bermuda Aquarium, Natural History Museum and Zoo. 
Molecular Techniques 
There are many steps in the progression from specimen to phylogenetic tree. 
Recent technological advances have improved the accessibility, quality and speed of many 
of the steps of phylogenetic analysis. Advances in analytical methods have accompanied 
the advances in techniques, providing a clearer understanding of molecular evolutionary 
processes in the natural world. As a result, the appearance of molecular phylogenies in the 
recent literature has increased geometrically. 
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Selection of a Genomic Region 
Organismal phylogenies using molecular data are based on the assumption that a 
specific genomic region is representative of the evolutionary history of the entire genome. 
Sequence information from a single gene or portions of several different genes are 
evaluated because it is impractical to obtain the sequence of an entire genome. Each 
genomic region evolves at a specific rate determined by its structural and functional 
constraints, so a particular region must be selected that is appropriate for the phylogenetic 
question. A gene that evolves too slowly will yield insufficient genetic differences to 
indicate phylogenetic relationships among closely related taxa. A gene that evolves too 
rapidly will be difficult to align among species that are evolutionarily divergent. Genetic 
divergences greater than 30% indicate the sequences are essentially randomized, and 
therefore difficult to align with certainty (Hillis & Dixon 1991). Appropriate genomic 
regions must be chosen for addressing evolutionary relationships at the taxonomic levels 
under investigation. 
Two basic types of genes that have been used for reconstructing molecular 
phylogenies are protein-coding genes and ribosomal genes. Protein-coding genes are 
constrained in the ways they can evolve because they must produce a functional protein. 
Ribosomal RNA genes, found in both the nucleus and mitochondria, do not produce a 
protein, but form part of an RNA and protein complex that builds other proteins. The RNA 
within these ribosomal complexes have extensive secondary structure, including regions 
that must maintain base-pairing with other portions of the RNA (stem regions), as well as 
regions which do not engage in base-pairing (loop regions) and are therefore less 
constrained. Because of these structural constraints, ribosomal RNA genes have domains 
that evolve at different rates, making them appropriate for phylogenetic analysis at a variety 
of taxonomic levels. 
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Nuclear ribosomal RNA genes are used frequently to address phylogenetic 
questions at a variety of taxonomic levels. In particular, the small-subunit 18S rRNA gene 
has proven useful for phylogenetic inquiries at the phylum level (e.g. Wainright et al. 
1993), the ordinal level (e.g. Kelly-Borges et al. 1991, Hay et al. 1995) and the family 
level (e.g. Kuznedelov & Timoshkin 1993, Fitch et al. 1995). The questions I address in 
this thesis fall within this range, suggesting that the nuclear 18S rRNA gene is appropriate 
for this work. Although the 18S rRNA gene is fairly large (roughly 1800 basepairs in 
cnidarians), the availability of automated sequencers facilitates the sequencing process 
greatly. It is no longer prohibitive to generate many DNA sequences from genomic regions 
of this size. 
Generating DNA Sequences 
The determination of DNA sequences relies upon the generation of large quantities 
of DNA from the genomic region of interest. This was a time-consuming process in the 
past: the region of interest was identified through restriction digests and probing, the 
sample DNA was cloned into bacterial colonies, and then the colonies were grown and 
harvested to produce sufficient quantities of DNA to determine the sequence. 
Undeniably, the most significant recent advance in molecular techniques as they 
relate to the generation of DNA sequences is the Polymerase Chain Reaction (PCR). PCR 
was first described in 1987 (Mullis & Faloona 1987). It is a process by which a particular 
genomic region can be copied exponentially by mimicking the cellular DNA replication 
cycle. DNA polymerase and individual nucleotides are added to the DNA template, along 
with small single-stranded (oligonucleotide) primers that anneal to the ends of the sequence 
to be determined. The regions flanking the gene of choice must therefore be known in 
order to design appropriate oligonucleotide primers. PCR is a highly effective procedure, 
producing a 200,000-fold increase in the target sequence in 20 cycles by starting with 11.1g 
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of total DNA (Mullis & Faloona 1987). The target sequence can be present in very minute 
quantities, which makes this procedure applicable for working with museum specimens, 
where tissue samples are limited and the majority of the DNA in the specimen may be 
damaged or degraded. 
For my project, I performed PCR amplifications of the nuclear 18S rRNA gene, 
and I cloned the PCR fragments into bacterial colonies. There are three primary reasons for 
this approach. First, cloning gave me a permanent record of my PCR amplifications to 
which I could return if needed. Additionally, methods for determining the sequence of 
PCR products require large concentrations of those products. Generating large amounts of 
PCR product is routine from fresh or frozen specimens, but this was rarely the case with 
the museum specimens. Lastly, cloning the PCR fragments allowed me to determine the 
sequence for the entire fragment. Normally, the ends of the DNA template are 'lost' in the 
sequencing process, because sequencing primers must be slightly internal to the PCR 
primers to produce a clean DNA sequence. If the PCR fragment is cloned, however, one 
can begin the sequencing reaction within the bacterial vector, and read the entire PCR 
fragment. 
I used the TA-cloning method (Invitrogen Corporation) in my protocol. TA-
cloning takes advantage of a biochemical characteristic of the PCR reaction: Taq DNA 
polymerase adds an additional adenosine (A) nucleotide to the end of every synthesized 
DNA fragment. The bacterial vector is designed to have single thymidine (T) nucleotide on 
its ends which will pair-bond with the ends of the PCR fragments, and splice the DNA 
fragment into the vector. The vector with the PCR fragment is then transformed into 
bacterial cells, where it replicates along with the bacterial DNA replication system. The 
cells are grown on solid medium, and are harvested and their DNA extracted to be used as 
the template for the DNA sequencing reaction. 
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I utilized Licor automated sequencers for the bulk of this thesis project. I employed 
the dideoxy sequencing method (the Sanger method) for the sequencing reaction, with an 
infrared label on the sequencing primers. I performed six sequencing reactions for each 
specimen, with three primers along each strand of DNA for both strands. I determined the 
sequences for each strand in order to verify that the sequence was internally consistent. 
The images were analyzed using the BioImage program, which read the gels and assembled 
the individual reactions to form contiguous sequences. 
Sequence Analysis 
Once the sequences have been determined for a group of organisms, phylogenetic 
inferences can be made about those organisms based on the similarities and differences of 
their sequences. The first step in comparing sequences is to align them (Fig. 2A). An 
alignment can be thought of as an hypothesis of positional nucleotide homology. An 
alignment asserts that all nucleotides at a given position would share a common ancestral 
nucleotide. Computer programs are available that will align sequences, although many 
alignments can be constructed easily by eye. Sequence similarity is the primary basis by 
which sequences are aligned, but such alignments are subject to homoplasy (two 
nucleotides are the same at a given position through parallel evolution, not because they 
have a common ancestor). The use of stem and loop structure can be beneficial when 
aligning ribosomal sequences, incorporating knowledge of secondary structure. However 
an alignment is created, it is absolutely critical that the alignment be accurate before 
proceeding with further analyses. All phylogenetic analyses assume the alignment is 
correct, since the analyses intend to compare homologous characters. For this reason, any 
regions of the alignment that are ambiguous or difficult to align with certainty should be 
removed from the data set. 
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Anthozoan 1 
Anthozoan 2 
Anthozoan 3 
Outgroup 
C—CGCCTGTGGTGATTCATA 
CGCGCCTGTGATGATTCAGA 
AACGGCCGTGGTGATTCATA 
GACGTCAGTCATCTTTAACT 
A 
B 
Anthozoan 1 
Anthozoan 2 
Anthozoan 3 
Outgroup 
Fig. 2 	 Examples of a sequence alignment and phylogenetic tree 
A. Sample alignment of three theoretical species. 
B. Hypothetical tree built from the above sequences. 
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The product of a phylogenetic analysis is a tree depicting relationships among the 
taxa included in the analyses (Fig. 2B). The individual taxa are found at the tips of the 
branches, and the branching pattern organizes the taxa into groups based on hypothesized 
evolutionary relationships. As one moves from the tips of the tree back to the base, one is 
moving back in time, retracing the development of the lineage of organisms. Each tree is 
considered an evolutionary hypothesis, based on the data presented and the algorithm used, 
representing proposed evolutionary relationships among the members of the tree. 
Therefore, trees of differing topologies are considered alternative evolutionary hypotheses. 
The topological positions of taxa on a tree convey specific relationships among 
those taxa. A group of taxa that are united into a single cluster, joined together at a 
common base, is called a clade. Stated in a slightly different way, a clade constitutes a 
single point on the tree and all descendents. A group of taxa is considered monophyletic if 
all taxa in the group can be found in a single clade, with no other species included in that 
clade. A group of taxa is polyphyletic if members of that group can be found in different 
clades, with other species intermixed. A group is paraphyletic if it includes a common 
ancestor and some, but not all, of the descendents. Taxa that branch together with no other 
species between them are called sister taxa (e.g. Anthozoan 1 and Anthozoan 2 from Fig. 
2B). Sister-taxa are presumed to be more closely related to each other than to any other 
taxon on the tree. Similarly, clades that branch together are called sister clades. A species 
that branches at the base of a clade is considered basal to that clade (e.g. Anthozoan 3 is 
basal to Anthozoans 1 and 2 in Fig. 2B). A basal taxon is considered to be ancestral to that 
clade, having diverged from it before the other members of that clade. Conversely, a 
species that branches nearest the tips of the tree (e.g. Anthozoan 1), is considered to be a 
derived species, having diverged from the lineage more recently. Trees can be constructed 
to depict the amount of dissimilarity (= genetic distance) among taxa by branch lengths. 
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The horizontal branch lengths between any two taxa on a distance tree is proportional to the 
genetic distance between those taxa. 
Three primary algorithms are typically used for analyzing sequence data, each with 
its own theoretical basis. The most common method is parsimony, which operates under 
the familiar tenet that the simplest explanation is the most likely. As it applies to 
phylogenetic analyses, the tree that requires the least number of evolutionary steps to 
explain the relationships of character states among the taxa involved is considered the most 
parsimonious reconstruction of those taxa. Parsimony analyses only consider similarities, 
and thus they are the most susceptible to the effects of convergent or parallel evolution. 
A second suite of analyses are the distance methods. Distance analyses convert all 
information on sequence differences between two taxa to a single number, representative of 
the differences between those taxa. Various evolutionary models can be built into distance 
calculations, taking into consideration aspects such as variations in substitution rate and 
base frequencies. The actual sequence information is not retained once the distance 
calculation is made, which results in a loss of information. But the algorithm is relatively 
fast as a result, making it particularly useful for large data sets. Distance methods are not 
as accurate in finding the correct tree, however, if there are many short branches. 
Maximum Likelihood (ML) methods have been developed most recently for 
practical use with sequence data sets. ML constructs phylogenetic trees that are the most 
likely given the sequence data being analyzed and the evolutionary model employed 
(Swofford et al. 1996, Huelsenbeck & Crandall 1997). The analysis produces a statistic 
for each tree, the maximum likelihood score (Lscore) that is the probability of that tree 
given the data set and the model. This score can be used to compare two different trees (i.e. 
two evolutionary hypotheses) statistically. 
Maximum likelihood techniques allow one to tailor the evolutionary model used 
specifically for the analysis of each individual data set. This is especially important when 
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working with large data sets, where the error introduced from using an incorrect method of 
analysis can overwhelm the phylogenetic information in the data set (DeSalle et al. 1994, 
Rzhetsky & Nei 1995). 
The types of parameters ML can use in its evolutionary models include unequal 
base frequencies, base-specific rates of change (i.e. A to C, G to T, etc.), a proportion of 
sites that are invariant, and a variable substitution rate among the remaining sites. One can 
choose between having one, two, or six different rates of substitution. One rate of 
substitution effectively gives all sites the same mutational rate. Two substitutional rates 
allows the differentiation between transitions (A to G, C to T) and transversions (A to C, G 
to T). Six rates of substitution allows a rate of substitution for each possible base change 
(A to C, A to G, A to T, etc.,). Further heterogeneity in substitutional rate may be present 
in the data, especially in ribosomal sequences. The gamma distribution is often used to 
model this heterogeneity: a few sites have a high substitutional rate (potentially multiple 
substitutions at a single site), and the majority of sites have a very low substitutional rate. 
The exact shape of the gamma distribution is determined by the gamma parameter, a, 
which is the inverse of the coefficient of variation for the distribution. The most complex 
ML model incorporates all of the parameters just described (unequal base frequencies, six 
rates of substitution, a proportion of invariant sites, and rate heterogeneity modeled with a 
gamma distribution). This model is referred to as a General Time-Reversible model (GTR) 
with substitutional rate heterogeneity (discussed in depth in Swofford et al. 1996). 
Maximum likelihood calculations will indicate which evolutionary parameters 
should be incorporated when analyzing a particular data set. The most accurate 
evolutionary model will always be the GTR model with rate heterogeneity, described 
above, but it is also the most complex (i.e. has the most parameters to calculate). It is not 
always necessary to use the most complex model. The simpler models incorporate fewer 
parameters (i.e. unequal base frequencies, proportion of invariant sites, etc.) and are 
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therefore less computer-intensive, and will run more quickly than the more complex 
models. A simpler method will also produce lower variance. A simpler model, however, 
may not be sufficiently accurate. In order to determine which model is the simplest for a 
given data set without sacrificing accuracy, a tree is generated from that data set with any of 
the standard models (parsimony, distance, etc.). The Lscores are then calculated for that 
tree using a number of different evolutionary models, and compared using the Likelihood 
Ratio Test (LRT) (Swofford et al. 1996, Huelsenbeck & Rannala 1997). The LRT will 
determine if a simpler model can be used, or if a more complex model will give 
significantly better results. Once the appropriate evolutionary model has been determined, 
the same initial tree is used to calculate the correct parameters for the model chosen based 
on the particular data set. Those parameters are then used in an ML analysis of the data. 
Once the parameters have been chosen for a given data set, a search for the most 
likely tree is performed. The most thorough method of searching is termed an exhaustive 
search, in which all possible branching combinations of taxa are tried and evaluated. The 
number of possible trees increases geometrically with the number of taxa, however. Only 
one tree is possible with three taxa, but four taxa can yield 3 trees, five taxa yield 15 
possible trees, six taxa generate 105 possible trees, etc. (Swofford 1991). A data set like 
those used for chapters 2 and 3 include over 50 taxa, which yield well over 3 x 10 74 
 possible trees. Computationally, this is very intensive. As a result, I have conducted 
heuristic searches of my data sets. 
Heuristic searches are must faster than exhaustive searches, but they are not 
guaranteed to find the optimal tree. Heuristic searches are conducted by constructing an 
initial tree, and then swapping branches on that tree in an attempt to improve the tree. The 
search will settle on the best tree possible given the original starting tree. This type of 
searching runs the risk of finding a 'locally optimal' tree rather than a 'globally optimal' 
tree. The best way to increase the chances of finding the globally optimal tree is to perform 
33 
multiple heuristic searches, with different starting trees. This is what I have done for the 
bulk of my data analyses. 
Once the most likely tree (or trees) have been determined, manipulations of those 
trees can yield valuable information about the strengths and weaknesses of the phylogenetic 
signal. The 'most likely' tree is indeed most likely, but it may not be statistically worse 
than a tree with an alternate topology. I used the computer program PAUP* (Swofford 
1996 betatest version) in conjunction with the tree-building program MacClade (Maddison 
& Maddison 1992) throughout my thesis work to build phylogenetic trees and test their 
topologies. The simplest way to test alternate evolutionary hypotheses is to construct trees 
in MacClade, and then measure the Lscores of both trees in PAUP* using the appropriate 
evolutionary model. The Kishino-Hasegawa test (KH Test) (Kishino & Hasegawa 1989) 
within PAUP* is a two-tailed statistical test to determine if one tree is statistically less likely 
than the other. 
PAUP* offers two methods that I used for testing the topological support for 
phylogenetic trees. The first is a search where a portion of a tree is constrained. I used 
constrained searches to test the branching order for the primary clades in my trees: I 
constrained the topology within each of the clades, then performed a search and kept every 
tree that was constructed. The KH Test can then determine if one branching pattern is 
better than the others, and if alternate branching patterns are significantly less likely than the 
best. 
The backbone search is another type of constraint, and will determine where a given 
taxon can branch on a tree without significantly reducing the likelihood of the tree. Some 
taxa will fall in a single position on the most likely tree, but the tree may not be much less 
likely if the taxa are placed in a different position. The backbone search is a simple way to 
test all possible positions for a given taxon without creating and testing each tree 
individually. The entire tree is constrained for this search as a backbone, minus the taxon 
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being tested. An exhaustive search is conducted and all trees are saved. The KH Test will 
show which branching positions are not significantly less likely than the optimal position. 
Specific Issues for this Project 
Museum Specimens 
Museum collections contain a wealth of information for both morphologists and 
geneticists (Thomas 1994). These collections have been assembled over the last few 
centuries, and contain species that are rare, not easily accessible, or even extinct. Museum 
collections constitute an invaluable resource for countless research questions. 
The use of museum specimens for genetic analyses has inherent difficulties, relating 
primarily to the degraded nature of archival DNA. Despite fixation, DNA continues to 
degrade over time. Archival DNA is damaged primarily by oxidation and hydrolysis 
(Lindahl 1993). Oxidation of the pyrimidines (cytosine and thymidine) is the primary 
complication for PCR reactions (Hoss et al. 1996). As a result of this damage, only small 
stretches of DNA can be PCR amplified from most museum specimens. 
The traditional method of preservation for museum specimens is formalin. 
Formalin preserves tissue by crosslinking DNA and proteins to themselves and each other 
(Fox et al. 1985) which is highly effective for the preservation of archival specimens. The 
same cross-linking creates hydroxymethyl groups on the DNA, which interfere with the 
PCR process. Additionally, much of the DNA remains tightly bound to proteins and is lost 
through the DNA extraction procedure (Shedlock et al. 1997). PCR and sequencing 
reactions can be successfully performed on formalin-fixed tissues, but they require special 
handling and only small regions of DNA (50-500 bp) can be amplified (France & Kocher 
1996, Shedlock et al. 1997). 
Octocorals have traditionally been preserved in ethanol, rather than formalin, 
because the formalin dissolves the calcium spicules which are used in species identification. 
35 
The absence of formalin increases the feasibility of determining longer sequences from 
museum octocoral specimens. DNA extractions on recently ethanol-preserved specimens 
are relatively straightforward (Kocher 1992), and I was able to extract and PCR-amplify 
DNA from specimens that had been preserved up to 50 years. Chapter 2 describes the 
protocol I used with the alcohol-preserved specimens. 
Most of the museum specimens for which I attempted PCR reactions yielded no 
PCR product after an initial PCR reaction. In order to generate sufficient PCR product for 
the sequencing process, I had to perform PCR reamplifications for several specimens: an 
initial PCR amplification was performed, and an aliquot of the first reaction was used as the 
template for a second round of PCR. The negative control from the initial PCR reaction 
was always included as the template for a negative control for the second PCR reaction. 
Even using PCR reamplifications, I was only able to amplify the entire 18S gene in one 
piece for one specimen. Several specimens were amplified in two or three pieces to 
generate the entire 18S sequence. 
The degraded nature of the archival DNA, as well as the multiple rounds of PCR 
performed on each specimen, increases the likelihood that contaminant DNA rather than the 
target DNA will be amplified. PCR preferentially amplifies molecules of DNA that are 
intact, so a contaminant of recent origin (i.e. introduced to the specimen after it was 
preserved) may be more likely amplified than the older, sample DNA. One way to increase 
the chances of amplifying the target DNA is to design taxon-specific PCR primers. I 
designed a suite of primers that matched the DNA of octocoral specimens for which I knew 
the sequences, but not the DNA of fungi, symbionts, or other phyla of organisms that 
might be found as contaminants. All sequences were compared to the GenBank database 
after they were determined, to verify that they were most similar to other cnidarians and not 
a potential non-Cnidarian contaminant. 
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Pseudogenes 
An additional difficulty I encountered during this thesis work, probably relating to 
the degraded nature of the museum specimens, was the amplification of pseudogenes rather 
than the target 18S gene. Normally, the multiple copies of the ribosomal genes found 
within each cell are assumed to be identical, resulting theoretically from concerted evolution 
(Hillis & Dixon 1991). Pseudogenes are copies of ribosomal genes that are not identical to 
the majority, and are also not transcribed. They are similar to the functional ribosomal gene 
but are not functional themselves, and as a result, evolve neutrally. Pseudogenes have 
been found in several invertebrate taxa, and have diverged from the functional copy of the 
ribosomal gene. Pseudogenes found in the flatworm Dugesia were approximately 8% 
different from the transcribed copies of the 18S gene, which approaches the divergence 
found between families for this group (Carranza et al. 1996). This level of divergence 
corresponds to the divergence found between classes and subclasses of anthozoans 
(discussed in Chapter 3). Seven of the sequences that I determined from museum 
specimens were most likely sequences of pseudogenes rather than the functional nuclear 
18S rRNA gene. All of these putative pseudogenes clustered together in my analyses, and 
they branched most closely with the Order Scleractinia (Subclass Hexacorallia) rather than 
the Octocorallia to which they belonged. These specimens were excluded from my 
analyses. 
I encountered pseudogene sequences in determining the sequence for 
Dendrobrachia paucispina. The specimen had been alcohol-preserved for eight years, and 
two PCR fragments (with a 1065-bp overlap) were required to construct the entire 18S 
sequence. The sequences were determined for four clones of each fragment. The clones 
for the first half were all identical, but the clones for the second half were all different. 
Each of the four clones were verified as cnidarian by a search of the GenBank database, but 
only one of the sequences was identical to the first half of the gene, based on an 
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overlapping region of the two sequences. I used the clone that was identical to the first half 
to complete the Dendrobrachia sequence, and hypothesized that the other sequences were 
from pseudogenes. The complete sequence placed Dendrobrachia within the Octocorallia, 
as expected from morphology, and not with the cluster of pseudogenes near the 
Scleractinia. I am therefore relatively confident that the sequence for Dendrobrachia is real, 
and not an artifact. Sequences from additional specimens of Dendrobrachia would be 
necessary to verify the validity of the sequence I have generated. 
Previous Molecular Studies 
Molecular studies of the Anthozoa are few, but they have given us some insight into 
the questions I address with this thesis. These studies have examined a variety of 
ribosomal genes, including the mitochondrial 16S rRNA gene (France et al. 1996), the 
nuclear 28S rRNA gene (Chen et al. 1995), and the nuclear 18S gene (Song & Won 1997). 
They examine the subclass divisions within the Anthozoa and the ordinal divisions within 
the Hexacorallia and the Octocorallia, but do not address the phylogenetic affinities of 
Dactylanthus or Dendrobrachia. All of these studies used general parsimony or distance 
methods rather than the more accurate maximum likelihood methods. None of these 
studies have the breadth of taxonomic sampling that this study does, and all of them use 
partial gene sequences. But these studies offer both support for, and alternate hypotheses 
to, what I have found in my thesis work. 
Mitochondrial 16S (France et al. 1996) and nuclear 18S (Song & Won 1997) 
sequence information have both indicated that the Ceriantharia and the Antipatharia, united 
within the Subclass Ceriantipatharia, are genetically divergent from one another. The 
nuclear 18S analyses indicated that the Ceriantharia are ancestral to all other Anthozoa, and 
the Antipatharia have affinities within the Hexacorallia. Mitochondrial DNA supported that 
the Antipatharia branch within the Hexacorallia, but indicated that the Ceriantharia were 
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ancestral to the Hexacorallia rather than the entire Anthozoa. Neither study had complete 
taxonomic representation of the orders in the Hexacorallia to determine the specific 
affinities of the Antipatharia. My thesis work included representatives of all of the orders 
within the Hexacorallia, and therefore I could generate a more complete analysis of the 
subclass divisions within the Anthozoa. 
The ordinal-level divisions within the Hexacorallia are supported by mitochondrial 
rDNA (France et al. 1996) and 18S rDNA (Song & Won 1997), but not entirely by 28S 
rDNA (Chen et al. 1995). The Scleractinia were monophyletic in Chen et al.'s analyses, 
but both the Actiniaria and Corallimorpharia were polyphyletic. Chen et al. used very short 
sequences, however, which may have affected the results they found. I have included over 
1600 bp of sequence information spanning the entire 18S rRNA gene for my analyses. 
Molecular information is not as available for addressing the divisions within the 
Octocorallia. The France et al. study (1996) is the most thorough so far, including 
representatives from the Pennatulacea, and 16 species from 10 families within the 
Alcyonacea. Mitochondrial DNA sequences do not indicate a correlation between 
phylogenetic structure and traditional taxonomy within the Octocorallia. The analyses of 
Song and Won (1997) did not disagree with the current taxonomy, but they include only a 
single pennatulacean and four species from two families of the Alcyonacea. Both studies 
did, however, find the Pennatulacea to be ancestral within the Octocorallia. My thesis 
project continues this work, including representatives of 22 families within the Order 
Alcyonacea, a representative of the Order Helioporacea, and eight representatives of the 
Order Pennatulacea. 
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Summary 
The goal of this thesis project was to build the most complete molecular phylogeny 
of the Anthozoa to date. A number of specific questions were addressed with this work, 
relating to the taxonomic divisions within the Class Anthozoa, and within the subclasses 
Hexacorallia, Octocorallia, and Ceriantipatharia: 
• Does genetic information support division of the Class Anthozoa into two 
subclasses or three? Is the association of the Ceriantharia and the Antipatharia in 
the Subclass Ceriantipatharia valid, based on evolutionary history? 
• Does genetic sequence information support the division of the Subclass 
Octocorallia into three orders or seven? Do the traditional morphological 
divisions correspond to the phylogenetic divisions I find? 
• Are the Ptychodactiaria deserving of ordinal distinction separate from the 
Actiniaria within the Hexacorallia? 
• Is Dendrobrachia affiliated with the Antipatharia, with which it was previously 
classified? Or is it more closely related to the Octocorallia, as indicated by polyp 
morphology? 
• Which morphological characters appear to provide evolutionary information? 
Which characters clearly do not? 
In order to address these questions, I determined the nuclear 18S rDNA sequences 
from 58 species across the Class Anthozoa. I included 12 previously sequenced 
anthozoans, available from the GenBank database, as well. This sampling scheme gave me 
representatives from across the morphological breadth of the entire class. I used the 
complete 18S sequence, and conducted my phylogenetic analyses using maximum 
likelihood techniques. ML allowed me to tailor the evolutionary model I used to be 
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appropriate for this particular gene and this group of species. I also used ML techniques to 
compare alternate evolutionary hypotheses statistically, and thereby test hypotheses 
suggested in previous molecular studies. 
This thesis project further developed techniques for utilizing ethanol-preserved 
museum specimens for DNA sequence analyses. DNA extraction and PCR amplification 
of recently-preserved (i.e. 1-2 years) specimens is routinely practiced in many laboratories, 
but this is not true for long-preserved (i.e. 10-50 years) specimens. DNA can be 
successfully extracted and PCR amplified from recently preserved specimens, but archival 
specimens require special handling and protocols. Chapter 2 describes the techniques that 
were successful for determining DNA sequences from museum specimens of octocorals. 
Knowledge of how species evolve is essential to our understanding of the natural 
world. The species that are on the Earth today are the direct result of millions of years of 
evolutionary change, and that evolution is continuing. The taxonomic divisions within the 
Anthozoa are difficult to determine using only morphological characters, as anthozoans are 
some of the simplest invertebrate species. The addition of molecular characters gives us a 
common character to compare across all species within the class, and which can also be 
compared to other invertebrate taxa. 
Anthozoans are a very important group of taxa from an ecological view. Species of 
anthozoans can be found everywhere throughout the ocean, from the shallow intertidal to 
the deep sea. Species in the Order Scleractinia create the foundation for the coral reef 
ecosystem, which is highly complex and very fragile. Members of both the Subclass 
Octocorallia and Hexacorallia are also prominent on reef ecosystems. A better 
understanding of how these species are related to each other and how they change over time 
may help us conserve these delicate environments for years to come. 
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Chapter 2 
Generating DNA sequence information from museum collections 
of octocoral specimens (Phylum Cnidaria: Class Anthozoa) 
45 

Abstract 
Museum collections of preserved flora and fauna historically used for 
morphological studies are now increasingly being utilized for addressing genetic questions. 
The extraction of DNA from ethanol-preserved specimens of recent origin is practiced 
routinely, but genetic analyses of long-preserved specimens have inherent difficulties due 
to the slow degradation of DNA. The goal of this study was to demonstrate the feasibility 
of isolating genomic DNA from museum specimens of octocorals with subsequent 
amplification of the 18S rRNA gene. Techniques were designed to solve several problems 
for obtaining genetic sequences from museum specimens. The DNA extractions of 
museum specimens yielded only small amounts of DNA of very low molecular weight, 
which limits the length of Polymerase Chain Reaction (PCR) products that can be generated 
with standard protocols. I was successful in producing PCR fragments from museum 
specimens by performing an extended tissue digestion on the archival specimens, running 
an initial PCR reaction, and then following with a reamplification of the original PCR 
product. The use of taxon-specific PCR primers decreased the risk of amplifying 
contaminant DNA rather than the target DNA in archival specimens. The combination of 
our modified extraction protocol and PCR reamplifications with taxon-specific PCR 
primers allowed me to generate 700- to 1800-basepair sequences from 16 specimens from 
three different museum collections that had been preserved for up to fifty years. 
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Introduction 
Scientists and lay persons have contributed specimens to museum collections 
world-wide for well over one hundred years, creating a highly useful resource for 
investigators today. Many of these specimens have been collected during expeditions, 
while others have been collected incidentally in the course of other pursuits. These 
preserved specimens can be used to address a variety of questions. 
Museum collections have been, and continue to be, used extensively for 
morphological studies, but development of techniques utilizing the Polymerase Chain 
Reaction (PCR) have increased the potential value of museum collections for investigating 
genetic questions. The molecular analysis of archival specimens can lend insight not only 
into evolutionary or phylogenetic investigations among taxa, but also for questions of gene 
flow within species. Changes in allelic frequencies can be traced through time or across 
geographic areas (Kocher 1992, Thomas 1994). Such allelic changes may indicate levels 
of genetic variation within species, changes in genetic variation over time, hybridization 
events between species, or range expansions or contractions. Museum specimens can also 
supply genetic information for species that have recently become extinct or are currently 
endangered (Thomas 1994). 
Extracted DNA from fresh or frozen tissue is of considerably higher molecular 
weight compared to that from preserved specimens. Therefore, genetic analyses are easier 
to conduct using fresh or frozen tissue; however, the use of preserved specimens is 
preferable in many cases. Collection of fresh samples from rare species or those with small 
population sizes is usually inappropriate or impossible. Many species live in remote 
habitats that are highly inaccessible, and require great expense for sample collection. The 
use of existing collections in these cases are preferable to the acquisition of new specimens 
(France and Kocher 1996). 
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Museum specimens have been subjected to variable handling and preservation 
techniques. The type of preservative used, the speed with which a sample is preserved, 
and the subsequent methods by which a sample is handled will have a large effect on the 
resulting condition of the DNA. The handling will determine, in part, the utility of a 
specimen for a given research question. Cryogenic preservation is often preferable for 
genetic studies as liquid nitrogen maximizes DNA extraction yields. Liquid nitrogen, 
however, was not available historically, and currently is not always available in all localities 
or field conditions. A number of alternative preservation techniques have been employed, 
including drying, the use of various alcohols, formaldehyde, mannitol-sucrose buffer with 
EDTA, and guanidine hydrochloride (Dessauer et al. 1996). 
Most museum specimens have been dried or preserved in formalin and the latter 
transferred to ethanol for long-term storage. Formalin preservation cross-links molecules 
of proteins and nucleic acids to themselves and to each other (Fox et al. 1985). 
Hydroxymethyl groups are also formed on the DNA molecules (Chang and Loew 1994). 
The tight crosslinking of DNA to proteins is problematic for DNA extraction procedures, as 
much of the DNA is thereby lost into the organic phase of the phenol extraction procedure 
(Shedlock et al. 1997). The methylation can interfere with PCR replication by impeding 
primer annealing as well as derailing the DNA polymerase during the extension phase 
(Karlsen et al. 1994). Protocols have been developed for successfully obtaining sequence 
from formalin-preserved specimens, in which the preserved specimen is soaked in buffer 
followed by extended periods of digestion with proteinase K which permits the DNA to 
dissociate from the protein complexes. PCR replication of formalin-fixed tissues remains 
difficult, however, and PCR amplification is only possible for short (i.e. 50-300 bp, and 
rarely 500-600 bp) stretches of formalin-fixed DNA (France and Kocher 1996; Shedlock et 
al. 1997). 
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Museum collections of octocoral specimens are unusual in that they are often 
preserved initially in ethanol rather than formalin, because formalin dissolves the calcareous 
spicules that are used in species identification. The decreased likelihood of the use of 
formalin in the preservation and storage of octocorals increases the feasibility of the DNA 
isolation process greatly. The extraction of DNA from recently (i.e. a few months or years) 
ethanol-preserved specimens is now practiced routinely in a number of laboratories (e.g. 
Smith et al. 1987; Kawasaki 1990; Meyer et al. 1990; Wheeler et al. 1993). Unlike 
formalin, ethanol does not cross-link proteins, but it is less efficient as a tissue 
preservative. Several studies have documented the degradation of DNA over time in 
ethanol-preserved specimens (e.g. Post et al. 1993; Flournoy et al. 1996). Specimens 
stored in ethanol at lower temperatures tend to preserve better (Post et al. 1993; Hoss et al. 
1996), and PCR amplifications of shorter lengths of DNA are typically more successful 
than longer lengths in older samples. Very few studies have been published based on 
obtaining genetic information from specimens preserved in ethanol for longer than a few 
years. 
Genetic analyses of long-preserved specimens have inherent difficulties, due to the 
slow degradation of DNA in the presence of a fixative. The DNA damage that occurs in 
preserved samples is primarily due to oxidation and hydrolysis (Lindahl 1993). The 
damage that is the most detrimental to the performance of genetic analyses includes 
modifications to the pyrimidines, cross-linking between molecules, and missing bases 
(Paabo 1989). Oxidative modifications to purines, however, do not seem to affect the 
ability to generate sequences from preserved materials (Hoss et al. 1996). These types of 
modifications will particularly hinder the successful direct cloning of ancient DNA, because 
damaged DNA will not be copied by the bacterial replicative process. In the event that 
cloning is successful, however, often the bacterial replication process will repair any 
damage it perceives, thereby introducing error into the sequence (Paabo et al. 1989). 
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PCR is also hindered by damaged DNA, but offers two unique advantages when 
working with ancient DNA. First, the PCR will preferentially amplify the DNA molecules 
that remain intact, because the DNA polymerase will move more slowly over damaged 
regions (Paabo et al. 1989). Additionally, any modified DNA strand that is replicated will 
be unlikely to have a sizable effect on the resulting genetic sequence unless it is replicated 
early in the PCR process. If a damaged strand does get replicated early on, however, the 
genetic sequence that results will be influenced more substantially by those damaged 
regions. 
Another difficulty in using archival specimens for genetic analysis is the increased 
possibility that contaminating DNA will amplify rather than the target DNA, which may be 
degraded and in low concentrations (Paabo 1990). The amplification of contaminating 
DNA is rarely a significant problem when using fresh or frozen tissue, as fresh DNA 
extractions yield large quantities of non-degraded DNA, and concentration of the target 
DNA usually far exceeds any that of any contaminating DNA. Museum specimens may 
contain trace DNA not only from symbionts or epibionts, fungi and bacteria, which can be 
introduced both before or after preservation. Contaminating DNA of modern origin will 
likely be less degraded than the ancient target DNA, and may be more readily amplified in 
the PCR process. Even if the contaminating DNA is degraded, there is still a chance it will 
be amplified instead of, or along with, the target DNA. Extreme caution must be taken 
when working with archival specimens to avoid amplifying contaminant DNA. One 
method which can be effective in eliminating the amplification of contaminating DNA is the 
use of taxon-specific PCR primers. Specific primers are designed using regions of the 
target DNA that are characteristic of the target but not of potential contaminants. A well-
designed specific primer will preferentially amplify the target DNA to the exclusion of 
extraneous DNA. 
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Complete sequences for the 18S rRNA gene were desired for a companion study on 
the phylogeny of the Class Anthozoa, and in particular the Subclass Octocorallia (Bemtson 
et al. in prep). Because many of the specimens for this study had been preserved for up to 
fifty years and their DNA was potentially highly degraded, standard DNA extraction and 
PCR techniques proved unsuccessful. Museum collections were essential to this 
phylogeny project as many octocoral species, including entire families, are found 
exclusively in the deep sea. Fresh specimens of these species are accessible only by 
submersibles or dredging, and it was not feasible to collect new specimens of all the 
necessary species. 
There were two primary goals of this study: 1) to develop a technique for the 
isolation of DNA from preserved material, yielding as large quantities of nondegraded 
DNA as possible, and 2) to PCR amplify the 18S rRNA gene from the isolated genomic 
DNA in fragments greater than 500 bp in length, with the ultimate purpose of determining 
the DNA sequence of the complete 18S rRNA gene from the preserved octocoral 
specimens. The use of a modified DNA extraction protocol combined with taxon-specific 
PCR primers described herein have allowed us to accomplish these goals. 
Methods 
Specimens 
Specimens for this study were acquired from Dr. Frederick Bayer of the National 
Museum of Natural History, Dr. Wolfgang Sterrer of the Bermuda Aquarium, Natural 
History Museum and Zoo, and Ardis Johnston of the Harvard Museum for Comparative 
Zoology. These specimens had been stored in ethanol for periods ranging from two to 50 
years. 
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DNA Extraction Protocol 
The extraction protocols I used was similar to those described by Coffroth et al. 
(1992) and Winnepenninckx et al. (1993). My deviations from their protocols consisted 
primarily of a lower temperature and longer duration for the proteinase K digestion. The 
extraction buffer included 1.4M NaC1, 0.02M EDTA, 0.1M Tris-HC1 (pH 8.0), 2% 
cetyltrimethylammonium bromide (CTAB) (Sigma Chemical Co.), and 0.2% beta-
mercaptoethanol (Sigma Chemical Co.). This buffer is particularly effective at removing 
polysaccharides that are abundant in coral tissues, and which can interfere with DNA 
extraction. General CTAB-based protocols have been described for use with a variety of 
invertebrate taxa, including algae, molluscs, ctenophores, and brachiopods (Karl and 
Bailiff 1989; Shivji, Rogers et al. 1992; Winnepenninckx, Backeljau et al. 1993). 
Five to ten polyps of the ethanol-preserved octocorals were placed on ice in two to 
ten mls 2X CTAB buffer for two to 24 hours, with the buffer replaced several times during 
this period. The buffer was removed, and the tissue minced finely with a razor blade and 
placed in a 1.5-ml eppendorf tube with 300 of 2X CTAB buffer. A plastic dounce was 
employed to further shear the tissue, and an additional 300 ill of 2X CTAB was added. 
The samples were placed at 55°C and digested with 5111 of proteinase K (at 20 mg/ml) for 
approximately 24 hours, with periodic agitation. Another 5 p.1 of proteinase K was added, 
and the tissues continued to digest for an additional eight to twelve hours. The tissues were 
extracted once with an equal volume of 24:1 chloroform:isoamyl alcohol, and precipitated 
in two volumes of cold 95% ethanol at -20°C overnight. The tubes were centrifuged at 
10,000xg for 30 minutes, and the ethanol was removed. The pellets were washed with 
5001,1.1 cold 70% ethanol, and the tubes were centrifuged at 7,000xg for 15 minutes. The 
ethanol was removed, and the pellets dried at room temperature. The pellets were 
resuspended in 50 ill of TE buffer and placed at 4°C for three to four hours before 
visualization on an agarose gel. 
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DNA Amplification Protocols 
Pipet tips with a filter barrier were used throughout this process to guard against 
contamination of the reactions. Negative controls were included during the DNA 
extractions and PCR reactions to detect contamination if it did occur. Each extracted DNA 
sample was diluted 1:10 in TE buffer (10 mM Tris-HC1--pH 8.0, 1 mM EDTA--pH 8.0), 
and 2 ill of that dilution was used in a 50-R1 PCR reaction. Modified versions of the 
universal eukaryotic primers A and B from Medlin et al. (1988) (Table 1) were used in the 
initial DNA amplifications of the 18S rRNA gene. These primers amplify the entire 
anthozoan nuclear 18S rRNA gene, a fragment which we found to be approximately 1800 
bp in length in anthozoans. Thirty-five cycles of PCR were carried out in a Perkin-Elmer 
Thermocycler 480. The DNA was denatured at 94°C for 45 seconds, the primers and 
template were annealed at 55°C for one minute, and the original DNA strand was extended 
at 72°C for 90 seconds. These cycles were followed by a five-minute extension at 72°C. 
The product was run on a 1% agarose gel. If there was a visible product, that product was 
prepared for TA-cloning. 
For those specimens with no visible product, a second PCR reaction was conducted 
using 1 R1 of product from the initial PCR reaction as the template. The amplified negative 
control (no DNA was added) from the initial PCR reaction was included in the second 
reaction as well, using 1 gl of the original negative control as template. The primers used 
for the second PCR reaction were chosen from those listed in Table 1, with at least one 
primer falling internally to the initial A and B primers. The internal primers were selected 
from a combination of universal eukaryotic primers and a set of octocoral-specific primers 
that were designed by us (Table 1). The octocoral-specific primers were designed to 
amplify anthozoan DNA, but not DNA from potential contaminants. The octocoral-specific 
primers were designed from alignments of Genbank sequences of actiniarians (Anemonia 
sulcata, Genbank accession #X53498, and Anthopleura kurogane, accession #Z21671), 
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Table 1 	 PCR primers used for primary and secondary amplifications of 
DNA from octocoral specimens. The octocoral-specific 
primers were designed for phylogenetic studies of the Subclass 
Octocorallia (described in Berntson et al. in prep.). Primer 
numbers refer to position in prokaryotic small-subunit 
ribosomal DNA. 
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two fungi (Cryptococcus neofonnans, accession #L05428, and Bullera unica, accession 
#D78330), potential epibionts from Mollusca and Crustacea (Mytilus galloprovincialis, 
accession #L33451, and Stenocypris major, accession #Z22850), and a zooxanthella 
symbiont (Symbiodinium sp., accession #M88509). Octocoral sequences derived from 
frozen tissue in this lab (Rendla renifonnis accession #AF052581, Narella nuttingi 
accession #AF052882, and Anthomastus sp. accession #AF052881) were verified as 
cnidarian through a BLAST search of GenBank and were also used in the primer design. 
Final DNA sequences were verified as cnidarian by a BLAST search of Genbank. 
The specific primer pair combinations were selected to 1) amplify the largest region 
of the 18S gene possible for each specimen, and 2) include at least one octocoral-specific 
primer for one of the PCR reactions, reducing the probability of amplifying contaminating 
DNA. A diagram of the PCR primers used can be found in Fig. 1. If the initial PCR 
attempts were unsuccessful using primers A and B, a reamplification using internal primers 
was performed. If this was unsuccessful as well, I began anew with the initial 1:10 diluted 
DNA extract, and used PCR primers flanking a smaller genomic region. For example, an 
initial amplification would target the region flanked by primers A and 705R, and then the 
re-amplification would use primers A and 536R. The smallest fragment attempted for DNA 
sequence determination was approximately one third of the entire gene. 
DNA Cloning and Sequencing Protocols 
The final PCR product was cloned using the Original TA Cloning Kit (Invitrogen 
Corporation). The PCR product was ligated into the pCR 2.1 cloning vector, then 
transformed into a strain of lN\TocF' cells following the manufacturer's protocol. The 
plasmid DNA was isolated from individual clones using the Wizard Miniprep DNA 
Purification Kit (Promega Corporation) and subsequently used as a template for a cycle 
sequencing reaction, using the SequiTherm EXCEL Long-Read DNA Sequencing Kit-LC 
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Fig. 1 	 Position and orientation of 18S rDNA primers used in PCR 
amplifications. 
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(Epicentre Technologies). Sequences were determined for both the forward and reverse 
strands of the gene. The reactions were run on a LI-COR 4000 DNA Sequencer, using the 
infrared-labeled primers shown in Table 2. The resulting images were interpreted using the 
BioImage gel reader program. 
Negative Controls 
I performed several controls throughout my work to detect any potential 
contamination. A negative extraction (no tissue added) was performed with the DNA 
extraction protocol. Negative controls (no DNA template added) were included with each 
primary and secondary PCR reaction. As one additional control, one frozen specimen and 
one ethanol-preserved specimen were chosen for re-extraction and re-determination of the 
DNA sequence to verify our ability to replicate the complete process. In each case, I found 
very good internal consistency. There were no sequence differences between the replicates 
for the frozen specimen (Protoptilum sp.), and there was a 0.11% error rate, corresponding 
to 2 base changes over 1800 bp total for the ethanol-preserved specimen (Umbellula sp. 
USNM 54597) (Table 4). 
Results 
DNA extractions from tissues of ethanol-preserved museum specimens typically 
yielded small amounts of DNA that could rarely be detected on an agarose gel (Fig. 2, lanes 
4 and 5). If DNA could be detected, it was of lower molecular weight than extractions of 
fresh tissue (Fig. 2, lane 3). My initial PCR amplification of the 1800-bp 18S rRNA gene 
from these extractions likewise did not yield visible product in the majority of museum 
specimens I examined. In some instances I was successful in amplifying smaller fragments 
(700-1200 bp) in a single PCR amplification. For the remainder of specimens for which a 
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Table 2 	 Infrared-labeled primers used with the Licor sequencer. 
Primer numbers refer to position in prokaryotic small-subunit 
ribosomal DNA. 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 
12.2 Kb — 
1.6 Kb — 
0.5 Kb — 
Fig. 2 	 Products of DNA extractions of museum specimens, initial PCR 
reactions, and secondary PCR reactions. Lanes are as follows: 
1) blank; 2) 1-Kb ladder (Gibco BRL); 3) 5 li,1 of Palythoa 
variabilis DNA extraction, tissue frozen; 4) 5 fil of 
Dendrobrachia paucispina DNA extraction, tissue preserved in 
ethanol 8 years; 5) 5 Ill of Nidalia occidentalis DNA extraction, 
tissue preserved in ethanol 13 years; 6) Initial PCR reaction of 
Palythoa variabilis with primers A and B; 7) Initial PCR 
reaction of D. paucispina with primers A and B; 8) Initial PCR 
reaction of N. occidentalis with primers A and B; 
9) Secondary PCR reaction of D. paucispina with primers A 
and 1200R; 10) Secondary PCR reaction of N. occidentalis with 
primers A and 1200R; 11) Secondary PCR reaction of negative 
control from primary PCR reaction, with primers A and 
1200R; 12) Negative control from secondary PCR reaction with 
primers A and 1200R; 13) 1-Kb ladder (Gibco BRL); 
14) blank. 
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single PCR reaction was unsuccessful, I performed a second PCR reaction using internal 
primers and the first PCR product as template (Fig. 2). The smallest fragment size I chose 
to amplify ranged from 500 to 700 bp. 
The quality of DNA extracted from different museum specimens was evaluated 
based on the intensity of the DNA fragment as visualized on an agarose gel stained with 
ethidium bromide. This quality was highly variable, with no apparent correlation between 
the length of PCR product produced and the length of preservation time. I amplified 700- 
bp fragments from one specimen that had been preserved for 50 years, but was unable to 
amplify the same fragment from a specimen that had been preserved for nine years. Table 
3 summarizes the results of DNA extractions and amplifications from the museum 
specimens. I did not perform PCR reamplifications on all samples, as I concentrated on 
those species I deemed phylogenetically important for our objectives. Archival specimens 
of those species for which fresh or recently preserved tissue became available were 
abandoned if PCR products were not readily produced. The variable success rate that I 
experienced in producing PCR products may have resulted from inconsistent handling of 
the specimens at the time of collection. This inconsistency may include preservation in 
formalin with subsequent transfer to alcohol. Such information is not always available for 
museum specimens. 
I noted occasional nucleotide sequence variation within an individual specimen, 
both in overlapping regions of fragments produced in different PCR reactions and in 
pooled clones from the same PCR reaction. These base differences were found in most, 
but not in every one of the museum specimens (13 out of 15). The base differences I 
found consisted of simple substitutions, with only one instance of an insertion (four bp in 
Dendrobrachia paucispina). The resulting error was low (Table 4), usually less than 1%. 
This rate of error would apply to the remainder of the gene proportionally, not just to the 
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Table 3 	 Summary of results from all museum specimens. Specimens 
are from the National Museum of Natural History collections 
unless otherwise noted. Those specimens for which DNA 
sequences were generated are listed with the primer pairs used 
for the amplification reactions. Multiple primer pairs were 
used for those specimens that could not be amplified in one 
piece. If contaminant sequences were generated, the type of 
contaminant is identified. Specimens that yielded only 
contaminant sequences are noted with an asterisk. The 
specimens that did not generate sequences are also listed. 
PCR reamplifications were not attempted on all specimens as I 
concentrated on those species of greatest phylogenetic 
importance to my study. The most stringent attempt made for 
each specimen is noted. 
a: Harvard Museum of Comparative Zoology 
b: Bermuda Aquarium, Natural History Museum and Zoo 
c: Specimen was dried. 
d: Specimen was abandoned 
became available. 
e: Sequence produced was a 
when alternate specimens 
pseudogene or chimera. 
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Table 4 	 Error rates found in sequences of museum specimens, as seen 
in the pooling of multiple clones from the same PCR reaction, 
and overlapping fragments produced from different PCR 
reactions. (Note: the forward and reverse strands of a single 
. 	 . 
clone anci a single rragment snowect no sequence differences.) 
The species listed here are the only museum specimens for 
which there were overlapping regions or pooled clones. 
a: Error rate within a single PCR reaction as detected from 
pooling multiple clones. 
b: Error rate between PCR reactions as detected in 
fragments shared by overlapping clones. 
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regions containing these overlaps. The one sequence that showed a high rate of PCR error 
(5.88% in Siphonogorgia sp.) was not used in subsequent phylogenetic analyses. 
Several initial attempts at obtaining DNA sequences from museum specimens using 
universal eukaryotic primers yielded non-cnidarian sequences as indicated through BLAST 
searches. The contaminant sequences generated were of the algal symbiont Symbiodinium 
sp. and other algal species, various fungi, and occasionally bivalve mollusks and 
crustaceans. These species were potential symbionts or epibionts of the coral specimens 
we were analyzing. The use of taxon-specific PCR primers eliminated the amplification of 
contaminant DNA completely. 
Discussion 
The protocol outlined here has been successful for generating sequence information 
from museum specimens preserved up to fifty years. Most genomic DNA extractions from 
ethanol-preserved specimens were partially degraded, and two rounds of PCR 
amplifications were required to generate sufficient PCR product for further analyses. The 
probability of obtaining DNA sequences from contaminant DNA rather than target DNA 
was significant without the use of taxon-specific primers. The problem of generating non-
Cnidarian sequences was eliminated when taxon-specific primers were used in at least one 
of the two PCR reactions. 
A major concern I had with the use of archival specimens was the occasional 
differences found in overlapping regions of sequence within the same individual. Taq 
DNA polymerase has an inherent rate of error associated with it, which may account for 
some, if not all, of the replication error observed. Two estimations of the rate of error 
connected with the use of Taq polymerase are 8.0 x 10-6 (errors per base per PCR cycle) 
(Cline et al. 1996) and 2.1 x 10-4 (Keohavong and Thilly 1989). These error rates applied 
to the 18S rRNA gene of anthozoans, translate to 0.028%-0.735% error in 35 replication 
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cycles over the entire gene. For those specimens that were reamplified, the estimated error 
rate would be 0.056%-1.47% over 70 replication cycles. Only one of the museum 
specimens exhibited error rates greater than these (5.88% for Siphonogorgia sp.). The 
increased error rate for this specimens may have been due to the presence of damaged 
DNA. Although the activity of DNA polymerases is slowed by the presence of damaged 
DNA, particularly at baseless sites, minor lesions such as deaminated bases can produce 
replication errors without slowing the replication process greatly (Paabo 1989). Therefore, 
DNA with minor damage will be amplified at the same rate as undamaged DNA. Direct-
sequencing of total PCR products will reduce the influence of either type of replication 
error on the final DNA sequence, since any errors introduced after all but the first rounds of 
PCR will be evident as ambiguities (Hillis et al. 1996). 
PCR amplifications of archival, preserved specimens may not produce sufficient 
PCR product for direct-sequencing techniques, and cloning of PCR products may be 
necessary. Since each clone consists of a single PCR product which may contain 
replication errors, the potential for generating incorrect sequences is heightened (Palumbi, 
1996). This is particularly true for these archival specimens since two PCR amplifications 
were necessary for obtaining DNA sequences from the majority of these samples, thereby 
increasing the risk of polymerase-introduced errors. This risk makes it particularly 
important to pool several clones before performing the DNA sequencing reactions; as with 
determination of sequences directly from PCR products, errors will be evident as 
ambiguities in the sequence (Medlin et al. 1988). The overall rate of PCR error can then be 
determined for a given specimen. Depending on the taxonomic scale of phylogenetic 
analysis being performed, the amount of error found may or may not be significant in the 
overall analyses. Any amount of error is of concern, however, and one should be aware of 
the increased chance of such errors when working with preserved specimens. This is 
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especially true when analyzing gene flow, as the amount of error may be greater than the 
genetic signal present. 
Protocols for extracting DNA from alcohol-preserved samples are readily available 
in the literature (Smith et al. 1987; Palumbi et al. 1991), however, very few studies have 
been published to date using archival ethanol-fixed specimens. The Smith et al. (1987) 
protocol did not use samples that had been preserved longer than six years. One notable 
study that used older ethanol-preserved specimens, however, was Persing et al.'s (1990) 
discovery of the presence of spirochete DNA responsible for Lyme disease in ticks that had 
been preserved for nearly 50 years. These ticks had been collected 30 years prior to the 
first documentation of the disease in the United States. Persing et al. (1990) were 
amplifying very small regions of the rnitochondrial genome, however, ranging from 77- 
200 bp. Fragments this small are sufficient for the detection of the Lyme Disease 
spirochete genome, but are too small for reliable large-scale phylogenetic studies. The 
protocol described here allows the generation of larger genomic fragments, which will be 
useful in studies involving phylogenetics and gene flow, among others. 
The phylogenetic analysis of octocoral species is only one of a vast number of 
studies that can benefit from molecular techniques as applied to archival specimens. I 
submit here a method that has been successful in generating relatively large PCR fragments 
of DNA from archival, long-preserved octocoral specimens. There are some general 
concerns when working with museum specimens, however. My success rate from sample 
to sample was highly variable, and I did see a small but measurable incidence of PCR-
induced sequence error. One is also more likely to encounter the effects of background 
contamination in the samples when working with older specimens. Despite such 
difficulties, the use of protocols such as the one outlined above can facilitate the generation 
of valuable genetic information from preserved museum specimens. 
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Chapter 3 
Phylogenetic Relationships within the Class Anthozoa (Phylum 
Cnidaria) Based on Nuclear 18S rDNA Sequence Information 
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Abstract 
Taxonomic relationships within the corals and anemones (Phylum Cnidaria: Class 
Anthozoa) are based upon few morphological characters: colony morphology and the 
structure of the tentacles, gastric mesenteries, nematocysts, and skeletal axis. The 
significance of any given character is debatable, and there is little fossil record available for 
deriving evolutionary relationships. In this study I use complete sequences of 18S 
ribosomal DNA to examine subclass-level and ordinal-level organization within the 
Anthozoa. I investigate whether the traditional two-subclass system (Octocorallia, 
Hexacorallia) or the current three-subclass system (Octocorallia, Hexacorallia, 
Ceriantipatharia) is better supported by sequence information. I also examine the 
phylogenetic affinities of the anemone-like species Dactylanthus antarcticus (Order 
Ptychodactiaria) and the putative antipatharian Dendrobrachia paucispina. Thirty-eight 
species were chosen to maximize the representation of morphological diversity within the 
Anthozoa. Maximum likelihood techniques were employed in the analyses of these data, 
using relevant models of evolution for the 18S rRNA gene. I conclude that placing the 
orders Antipatharia and Ceriantharia into the Subclass Ceriantipatharia does not reflect the 
evolutionary history of these orders. The Order Antipatharia is closely related to the Order 
Zoanthidea within the Hexacorallia and the Order Ceriantharia appears to branch early 
within the Anthozoa, but the affinities of the Ceriantharia cannot be reliably established 
from these data. My data generally support the two-subclass system, although the 
Ceriantharia may constitute a third subclass on their own. The Order Corallimorpharia is 
likely polyphyletic, and its species are closely related to the Order Scleractinia. 
Dactylanthus, also within the Hexacorallia, is allied with the anemones in the Order 
Actiniaria, and their current ordinal-level designation does not appear to be justified. The 
genus Dendrobrachia, originally classified within the Order Antipatharia, is closer 
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phylogenetically to the Subclass Octocorallia. The 18S rRNA gene may be insufficient for 
establishing concrete phylogenetic hypotheses concerning the specific relationships of the 
Corallimorpharia and the Ceriantharia, and the branching sequence for the orders within the 
Hexacorallia. The 18S rRNA gene has sufficient phylogenetic signal, however, to 
distinguish among the major groupings within the Class Anthozoa, and I can use this 
information to suggest relationships for several enigmatic taxa. 
Introduction 
The development of taxonomic systems through traditional, morphological methods 
can be problematic when the species involved have few distinguishing characters. This is 
true for species within the Class Anthozoa (Phylum Cnidaria). The Class Anthozoa, 
containing the stony corals, soft corals, anemones and other anemone-like species, retain 
their polyp morphology throughout their life history, and lack the medusa stage found 
commonly in the other classes of the phylum. The primary characters that have been used 
to derive evolutionary relationships within the Anthozoa include colony morphology and 
life history, tentacle shape and number, the number and arrangement of divisions within the 
gastrovascular cavity (termed mesenteries or septa), nematocyst structure, and skeletal 
structure. The various taxonomic arrangements have arisen from differing interpretations 
of the significance of these characters (e.g. Wells & Hill 1956a, Hadzi 1963, discussed 
below). As many Anthozoa lack any type of skeletal structure, there is little fossil record to 
indicate evolutionary relationships among the major groups of anthozoans. 
The validity of the subclass divisions within the Anthozoa has been a subject for 
debate by taxonomists of both past and present times. The historical subclass divisions 
within the Class Anthozoa indicate two major groupings, the Subclass Octocorallia and the 
Subclass Hexacorallia (e.g. Minchin et al. 1900, Pratt 1935, Hyman 1956, Hadzi 1963). 
The Subclass Octocorallia is composed of the soft corals, gorgonians, blue corals, and sea 
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pens. Octocorals are distinguished by their possession of eight pinnately branched 
tentacles and eight complete mesenteries. Their skeletons may contain separate or fused 
calcium carbonate spicules, and axes of calcium carbonate or chitin or both, and they may 
be solitary or colonial (Bayer 1956, Wells & Hill 1956a). The Subclass Hexacorallia, in its 
early definition, contained the remaining anthozoan species: the Actiniaria (anemones), 
Corallimorpharia, Zoanthidea, Scleractinia (stony corals), Antipatharia (black corals), and 
Ceriantharia (cerianthid anemones). The subclass was defined by the following 
characteristics: tentacles simple or divided, but never branched; paired mesenteries, usually 
in multiples of six; skeleton, if present, without free spicules in the mesoglea. Hexacorals 
include both solitary or colonial forms. 
A third subclass division was proposed as early as 1897, although it wasn't widely 
accepted until the 1950's or 1960's. The orders Antipatharia and Ceriantharia were 
removed from the Subclass Hexacorallia and placed in a new subclass, the Ceriantipathana. 
The establishment of the Subclass Ceriantipatharia was based primarily on two shared 
characters between the orders Ceriantharia and Antipatharia: 1) the resemblance of the 
cerianthid larva to the antipatharian adult polyp, and 2) weak and indefinite musculature 
associated with the mesenteries (van Beneden 1897). Aside from the above characters, 
these two orders are considered highly divergent from each other (Wells & Hill 1956b). 
The Ceriantharia have a unique morphology which distinguishes them from the other 
Anthozoa. They have two rings of tentacles, and numerous, mostly complete, unpaired 
mesenteries (Hyman 1956). They possess a unique form of spirocysts (ptychocysts) not 
present in any other order within the class (Fautin & Mariscal 1991, Rifkin 1991, Goldberg 
& Taylor 1996). The Ceriantharia have been designated as most primitive within the 
Hexacorallia, most deeply diverging (Hyman 1940). 
The Antipatharia, placed with the Ceriantharia in the Subclass Ceriantipatharia, have 
been considered to be ancestral with the cerianthids (VVells & Hill 1956a) or highly derived 
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(recently divergent) hexacorals (Brook 1889, Hickson 1906, Hadzi 1963). Morphological 
characters suggest affinities among the Antipatharia, Zoanthidea and Actiniaria. All three 
orders share a type of nematocyst, a microbasic b-mastigophore, which is rare or absent in 
the other orders of the Anthozoa (Picken & Skaer 1966). Antipatharians, zoanthids, and 
the Subtribe Endomyaria of the Actiniaria share a common sperm morphology, which is 
not found in the other anthozoans. The Antipatharia and the Zoanthidea also share 
similarities in nematocyst structure and skeletal composition (Schmidt 1974), and are 
thought by some to be highly specialized hexacorals (Hadzi 1963). 
Molecular studies using mitochondrial 16S rDNA (France et al. 1996) and 18S 
rDNA (Song & Won 1997) have shown that the orders Antipatharia and Ceriantharia are 
genetically divergent from one another, and are not sister orders. The results of these 
studies disagreed on the positions of the Ceriantharia and Antipatharia relative to the other 
Anthozoa, however (Fig. 1). A study using 28S rDNA (Chen et al. 1995) and another 
study combining mt 16S rDNA and 18S rDNA (Bridge et al. 1995), included a single 
cerianthid as the representative of the Subclass Ceriantipatharia, so would have been unable 
to detect any potential divergence between the Ceriantharia and the Antipatharia. None of 
these studies included representatives of the Zoanthidea. Resolution of the phylogenetic 
affinities and ancestry of the orders Antipatharia and Ceriantharia will further our 
understanding of the early evolution of the Anthozoa, and may help determine which 
morphological characters are phylogenetically informative. 
The phylogenetic relationships among the orders Corallimorpharia, Scleractinia, 
and Actiniaria are equivocal based on morphological characters. The Corallimorpharia are 
morphologically intermediate between the actiniarians and the scleractinians, although their 
mesentery structure and nematocysts are closer to the scleractinians (Fautin Sz, Lowenstein 
1992). At one time, the Corallimorpharia were placed within the same order as 
scleractinians (Wells & Hill 1956c). In the late 1800's the corallimorpharian species 
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Fig. 1 	 Phylogenetic trees from previous molecular studies of the 
Anthozoa. 
A) From France et al. (1996), based on mitochondrial 16S 
rDNA 
B) From Song and Won (1997), based on nuclear 18S rDNA 
C) From Chen et al. (1995), based on nuclear 28S rDNA 
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Corynactis was suggested to be an immature scleractinian (Jourdan 1880). The 
Corallimorpharia have also been considered to be part of the Actiniaria historically 
(Carlgren 1949). Stephenson (1921) removed the corallimorpharian species from the 
Actiniaria and designated them as Madreporaria (containing the Corallimorpharia and 
Scleractinia). Stephenson perceived the Corallimorpharia as Madreporaria that never 
developed skeletons. Carlgren (1949) established the Corallimorpharia as a separate order. 
The current scenario gives the three groups equal distinction at the ordinal level within the 
Subclass Hexacorallia, implying that the presence or absence of a skeleton has greater 
relevance in identifying phylogenetic affiliations than internal morphology. 
Molecular studies have reached different conclusions, however, concerning the 
relationships among the Actiniaria, Scleractinia, and Corallimorpharia. Partial 28S rDNA 
sequences (Chen et al. 1995) suggested monophyly of the Scleractinia, and polyphyly of 
the Corallimorpharia and the Actiniaria (Fig. IC). Protein radioimmunoassay analyses 
(Fautin & Lowenstein 1992) indicated that the Corallimorpharia are not distinct from the 
Scleractinia. Fautin and Lowenstein (1922) hypothesized that the Corallimorpharia may 
have had multiple origins within the Scleractinia. Mitochondrial 16S rDNA also suggested 
that the Corallimorpharia branch within the Scleractinia (France et al. 1996). 
My study investigated whether the Corallimorpharia were allied with the 
Scleractinia, the Actiniaria, or neither. The determination of the phylogenetic affinities of 
the Corallimorpharia should help resolve whether the presence of a skeleton or the internal 
morphology is more indicative of evolutionary history. 
The validity of the current ordinal distinction for the Ptychodactiaria, a group of 
anemone-like species, is another systematics issue that remains unresolved. The 
ptychodactiarian species were originally classified as a family within the Actiniaria, 
included in Protantheae with the Gonactiniidae based on similarities in nematocysts and 
primitive musculature (Stephenson 1921). The Ptychodactiaria differed from the 
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Actiniaria, however, in their gonadal arrangement and mesenterial structures (Stephenson 
1921, Wells & Hill 1956c). Stephenson (1921, 1922) removed the Ptychodactidae from 
the Protantheae and created a third tribe, the Ptychodacteae. Carlgren (1949) gave the 
Ptychodactiaria ordinal ranking, arguing that these characteristics were primitive rather than 
degenerate. The present work seeks to gain insight not only to the amount of support for 
their ordinal standing, but also the degree to which these species are ancestral or derived. 
The genus Dendrobrachia exhibits an interesting combination of morphological 
characters that resemble both the Antipatharia and the Octocorallia. The Dendrobrachia 
specimen collected in the Challenger Expedition (1872-1876) was in relatively poor 
condition, but was assigned to the Order Antipatharia based on its chitinous, spiny axis and 
its lack of sclerites (Brook 1889). Dendrobrachia has always been recognized, however, 
as an 'aberrant' antipatharian (e.g. van Beneden 1897). Additional specimens of 
Dendrobrachia have been shown to possess several characteristically octocorallian features: 
eight pinnately branched, retractile tentacles, and a solid axial core (Opresko & Bayer 
1991). Opresko (1991) suggested that Dendrobrachiidae be established as a family within 
the Octocorallia, with affinities to the gorgonians. This study will determine whether 
Dendrobrachia is more closely related to the Order Antipatharia (Subclass Ceriantipatharia 
or Hexacorallia) or the Subclass Octocorallia, and again whether the skeletal morphology is 
more important evolutionarily than other morphological characters. 
For the molecular phylogenetic analyses in the present study I used Maximum 
Likelihood (ML) techniques, which have only recently become tractable for large data sets 
(Huelsenbeck & Crandall 1997, Huelsenbeck & Rannala 1997). These methods are 
appropriate for the analysis of sequence data, as the evolutionary algorithm can be tailored 
specifically to the gene analyzed (Swofford et al. 1996). As a result, the number of 
incorrect assumptions about the evolution of the gene can be minimized in the phylogenetic 
analyses. Without such specific ML methods, the error introduced into phylogenetic 
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analyses from incorrect assumptions can overwhelm the phylogenetic signal present in the 
data. This can be a serious problem when working with large numbers of taxa or basepairs 
(DeSalle et al. 1994, Rzhetsky & Nei 1995). Methods incorporating too many incorrect 
assumptions will tend to converge on an incorrect tree, given increasing amounts of 
sequence information (Huelsenbeck & Crandall 1997). For example, using a model 
employing equal substitution rates within a gene where it is not appropriate can bring the 
probability of finding the correct tree to zero with sequences greater than 2,000 bp 
(Sullivan & Swofford 1997). In addition, maximum likelihood analyses produce a statistic 
(the likelihood score) that can be useful for comparing specific evolutionary hypotheses 
(i.e. phylogenetic trees). This statistic will indicate if a given hypothesis is significantly 
better or worse than an alternative (Hillis 1995, Huelsenbeck & Ramala 1997). 
The previous phylogenetic studies of the Anthozoa had limitations for addressing 
the scope of questions I ask here. All of the studies had limited taxon sampling within the 
Hexacorallia (Bridge et al. 1995, Chen et al. 1995, France et al. 1996, Song & Won 1997) 
or Ceriantipatharia (Bridge et al. 1995, Chen et al. 1995), and included only partial gene 
sequences. These studies used relatively basic phylogenetic analyses (parsimony and 
distance) employing evolutionary models that are not highly accurate with respect to the 
data set. The goal of my study was to build a more complete phylogeny of the Class 
Anthozoa than currently exists, containing representatives from across the morphological 
breadth present within the class, using complete 18S rDNA sequences. This study 
addresses a number of questions regarding anthozoan phylogeny: 1) are the Ceriantharia 
and the Antipatharia phylogenetically allied within the Subclass Ceriantipatharia, separate 
from the Subclass Hexacorallia, 2) are the Corallimorpharia affiliated with the Actiniaria, 
the Scleractinia, or other members of the Hexacorallia, 3) are the Ptychodactiaria 
phylogenetically distinct from the Actiniaria, 4) is Dendrobrachia affiliated with the 
Antipatharia (Subclass Hexacorallia) or the Subclass Octocorallia, and 5) which 
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morphological characters are correlated most closely with phylogenetic divisions within the 
Anthozoa? 
I chose the nuclear 18S rRNA gene for this study because it has been shown 
repeatedly to be useful in addressing questions on a variety of evolutionary scales, ranging 
from differentiation of kingdoms (e.g. Wainright et al. 1993) to elucidation of relationships 
within a given order (e.g. Kelly-Borges et al. 1991, Hay et al. 1995) or even within a 
single family (e.g. Kuznedelov & Timoshkin 1993, Fitch et al. 1995). I address some of 
the conflicting results from previous molecular studies using maximum likelihood analyses, 
which can incorporate relevant evolutionary assumptions for the 18S rRNA gene in 
anthozoans, and suggest hypotheses for issues where no molecular information has 
previously existed. 
Iviethods 
Specimens 
This study included over 1600 basepairs (bp) of sequence information from the 
nuclear 18S rRNA gene of 40 anthozoan species plus 7 outgroup species, representing all 
of the extant orders of the Anthozoa. Fifteen of the sequences used were taken from 
Genbank, and the remaining 32 were determined for this study. The species came from a 
variety of sources (Table 1). Several octocoral specimens and the specimen of 
Dendrobrachia paucispina were acquired from Dr. Frederick Bayer of the National Museum 
of Natural History and Ardis Johnston of the Harvard Museum for Comparative Zoology. 
These specimens had been stored in ethanol for periods ranging from two to 50 years. No 
information was available as to whether the samples were fixed originally in ethanol or in 
formalin. Fresh specimens of octocorals, zoanthids, antipatharians, and actiniarians were 
collected by submersible from Hawaiian seamounts (using the Pisces V submersible, 
operated by the Hawaiian Undersea Research Laboratory at the University of Hawaii) and 
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Table 1 	 Specimens used in phylogenetic analyses. Species of 
Placozoa, Porifera, Ctenophora, Hydrozoa and Cubozoa were 
used as outgroups. Specimen sources are as follows: Bishop 
Seamount, 18.8°N 159.1°W; CG, courtesy of Constance 
Gramlich, UCSD; EG, courtesy of Erica Goldman University 
of Washington; Fieberling Guyot, 32.1°N 127.8°W; LP, 
courtesy of Dr. Lloyd Peck of the British Antarctic Program 
and Dr. Daphne Fautin of the Division of Invertebrate Zoology 
at Kansas University Natural History Museum; NMNH, 
provided by Dr. Frederick Bayer, National Museum of Natural 
History, Smithsonian; Pensacola Seamount, 18.3°N 157.3°W; 
SR, courtesy of Dr. Sandra Romano, University of Guam; 
WG, courtesy of Dr. Walter Goldberg, Florida International 
University. 
88 
	,-o 	 '-o 	 ,-L 	 -ci 
	
=. 	 =.- 	 =-, 	 =. 
	
...< 	 ,.< 	 ...< 	 ...< 
(•-) 	 (•••.) 	 (-) = 	 -3 = 	 c..t, 	 = 	 (0) 	 n ,.9 
'a. 	 ',-,. 	 F.,- 5 	 ;."..'• 5 	 '.:, 	 5 	 pp 	 po Z 
CA 	 CA 	 CA 	 (") 	 C) rt 	 cn 	 cn 
	
C/1 ci) ,-.3 co c4 co n 	 P-0 	 (b cz n 	 .-.3 co r..D ro 'ti 
c > 	 (") c° Z = • 	 ..F,:i, E)-- 	 , z-i- F, 	 ...,,,. 	 0 (-) 9, 
	
0- = ',:,* c :''',< 5. 	 0 	 z c, = 	 -. 	 ..`,1 AD - 
	
e•--, 2_, •-.. co 0- on C. DA 	 F:D'' ° 	 ,') '1Z 0 	 ".'.. tt CD 	 .+, 
	
.....ZD =-'2..0'...,-:".1 	 k N 	 z CA.--. 	 i-Zrp 	 ''''.0 2, 
't 	 Z n ...-• • 	 0 	 t.... Ayr 	 n Z PD 
	
CL c.6 ° e...„ N (2, ' DA 	 cn ::,) 	 c.,, = 	 `-....• ,..., 	 ...I W 0 D'' N v.... 0 •,... N 	
"CI 	 1:) c4 r) CD 
	
CI'1 	 C/D.-100Z we.,0 	 '4; ' (3-, g 	 ..z: 'cs -. pP 
	
= 	 z ,..,:, ,.., P) , 	 - P.) 	 po 	 c, o -• 
	
Cr 	 Cr 0 '.4. 	 '.-G 	 L.,' L.* Z = z,...Z 
	
0 	 0 = 0 	 '.', 	 r) 	 ‘.< 	 '..3 - Cr0 
	
'11 n-i 	 '71 	 '11 	 'il .., = 0 	 7z-sn 	 cz, 	 - . *PS 
	
DA Cl. 	 AD 	 AD 	 AD CL p 0 	 .tz 	 CD 
	
p 	 5 	 5 	 5 54 a ;,-,., 	 z... 	 _,..,k 
• 	 'CI . 	 cA '"''' .'=,' 	 CZ' 	 9'° 
	
rD4'. < ...CID 	 VD 	 -.1 )-t) 0 ,,=.; — 	 ..,, 	 , 
	
z ,ti- 5- 	 z 0 c=' " c. 0 "' 	 z' 
,..., cro ro c:5- 	 - • = ,-,• o v, :, 
	
co cr 	 `-- — o ,-, ,- 
	
as-c.2---0 	 Fz--"c:30-: 
	
cz) pp -• z — 	 ..., _. „.. 72 a 
'T:s -.. 	 ---„, = 	 rt EL ;4:„. .... 0 
	
-.. -. ,..., ...., — 	 .., .- - _. -, 
	
".- E. ...,i ,„ 6: 	 L.::. 0 	 0. _II) 
	
z pp AA .0 = 	 tz3; 	 A) '''' CD CD . 	 0 	 CA cD 
-1 	 '1=3 
v) 
hi:' 	 'Ci. 
CD 
CA 
3. 
to 
(*) 
oo 
5 
5 
.54 
5 
4 tz 
— 
.c3 (.4 (-D 
5 
z 
z 
5 
-4' 
0 0 	 C 	 0 C) 	 0 0 
CD 	 CD 	 CD 	 CD CD 	 CD 	 CD 
= = 	 = 	 = = 	 = = 
rs• 	 rr 	 CS 	 (7* rr 	 Cr 	 Cr 
SID 	 10 	 1:0 	 DZ SA 	 A) 	 AD 
= = 	 = 	 = = 	 = = 
DS' 	 7S''' 	 7C- 	 77' 	 7C'' eo 
LA 	 tli 
.4. 
CA 
\JD 	
oa. 
-.-.1 	 •—. ti..) 
> 	 > 	 > > 
'11 	 '11 	 '11 	 '71 
o 	 0 	 0 0 
t.., 	 Lt1 	 Lri 	 ul 
t,..) 	 IQ 	 t,..) 	 t...) \c) 	 n..o 	 Lrl 	 n.0 
...• 	 0 	 oo 	 ,_, 
0 	 4=•• 	 ,•-• 	 .....• 
CI 
t''' 	 N 	 N 	 t7) r 	 t=/ 	 C) 	 > G.) 
.- 	 .c> 	 IQ 	 ,-- .--, 	 ,-. 	 .-• 	 f'D CD CD 	 t'..> 	 tnD 	 (.."1 C, 	 LA 	 vi 	 (-> = 
co 	 oo 	 --) 	 0 00 	 0 	 0 	 CD cr. N 	 ,C, 	 00 	 CT N.) 	 C \ 	 ON 	 cn 
1/4.0 	 1/4.0 	 w 	 Oo ON 	 --n1 	 CN 	 CA 
"' • = o r 
= 
#t 
89 
cn 
= 
a- 
rTh c) 
0 a a, '' „
co 	 co 
	
C/D n--t Z 	 C/D 	 Cl) 
	 CID 	 C/) 
	
Cl) 
a 	 a  0" 	 CD" 	 Cr 	 cr 	 cr 	 cr P- 
	
o 0 >< 	 o 	 o 	 o 	 o 	 o o 
-
	
"1 ..-1 ^.. $') 	 '71 	 '71 	 "r1 	 'al ,-I 	 '71 -t 	 '11 -1 	 '71 -1 	 '11 -1 •..< 
	
B . 2 	 p 	 0., 	 0) 0.. 	 p ta, 	 AD 0. 	 A) 9. 	 PD 0 0 
	
Cr ”C-Dt n) .-I 	 5 	 5 	 5 q 	 5 21 	 2 	 "..-1 	 54 
c,) 	 A) 	 . 
	
c..,) 0 ,--, — — 
	 t.--, ,....,• 	 t:, - 
	 a • 	 — tz • 	 c„ ot, - 	 ,-,.._ '---3 ' 	 cn "--3 ' 	 •- i-o' a 	 a 
	 H 0" 
	...- 	 P -, 71,, 	 . E s; t : :L.'. 0 , Z 0 ,9_ , p• 	 . .--• ,..... n—• Fr; Cr' Z 0 ij• P. o = 
g) 	 E.. — E.- R. 	 P -, 	 .2, 'R ,5"<' ‘-‹  
= a- 	 :. Cr 0) .-' 	 ' :-)r. a c.,' as C: 	 n-t 'S" .... ,..,>< 2 	 ,,,o0c:,ii='z) o p 
CD 	 5 0 	 cp 	 - x — a 	 -, o — z -• — 
'1.-. 	 • ,•, 	 -I cr oc, o = 5 cL- 0 E-.., -• -: z -1 '0-',  --- a.,,..0 ce • 	 • 	 11' ;,1)3 	 CD FL 	 (1.0 "pj • 	 = a 	 ;EL* a .-_,, "" 0-: Z AD -." 
	
.,,-" > 	 0 
rri 
	
CD $''' ") 	 0, Z 0 0 
. . . . 	 0 c„ • '.• ,. . t a -6 0 0 . 	 (:/..., o . 	 a-- 0 
 oo •-•1 	 r"' 
	
o.,o 	 a.-.. 	 a 
" .... 	 CD oo 	 co 	 p .... 	 c.,. 	 a 
'El 	 . A) 
" - • cn c-C ('' ,.... Fa', p 	 z = ,7$ a 	
- z - p., a z ,„ - 
	
z cp • 0, o -, 	 z DA 	 r.n•n ,—• • Z C, s w p 	 E ":7 • 
...... 
CD 	 --, 0 	 0 0 Es 00 
0 
C 
ct) 
	
CC) 	 '.0 	 "0 	 C) 	 0:1 
	
0 CD 	 CD 	 CD 	 n-t 	 ,.... 
	
0) 0) 
	
a 	 a 	 CD 	 c/) 
	
a- a- 	 up 	 CID 	 11) 
	
DID PD 	 W 	 0) 	 '— C 
	
= = 	
0 0 
 
O 0 
	
PC" PT. 	
...... 
	 CC/) PD 	 0) 	 C.., 	 CD 
..". 
C/) 	 C/D 	 " 	 DD 
CD 	 CD 	 51) 
0) 	 W  A) 
a 	 a 
O 0 	 a C c  
c 	 c 	 ... 
.r. 	 - 
Z Z - 
,--, 	 1.-.n 	 00 	 RI' 
00 
n-•-n 	 .--, 	 _p, 	 00 
(.11t'-) oo 	 5 o 	 cal 	 LA 
.cD 
5 5 5 
z 
z 
= 
-0 	 -0 	 00 	 to 
z z 
u, 
	
N-1 X 	 > > > > 
'11 	 '11 	 '11 	 '-il 
	
-.• c.,..) 	 c) 	 0 	 0 	 0 
VI 	 tr, 	 tri 	 c.s, 
c..) 	 IQ 	 c...) 	 c..) 
	
.--- oo 
	 •.0 	 n.o 	 s.o 	 1/4.0 
0 0 0 0 
VI 	 C\ 	 (..,..) 	 .....3 
CD 
90 
	C-1) 	
''', 	 ,-(;) 
	
Q. 	 Q.. 	 CL 
	
CD 	 CD 	 CD C4 	 C.,) "t 	
'II " 	 CI) 	 C/) 	 CID ^-s C 	 = r..,j 	 AD )71 	 C 	 = 	
= V) Cr 	 Cr 60,' 	 5 q 	 Cr 	 Cr 	 Cr 0 
,.,., 0 	 0 	 0 	 0 	 0 .— 
' " 	
'71 -I -t'') C.) ....,' 	 co 	
'1.1 -, 	 'T1 '-= 	 '71 	 ''il -, 0 A) Q. 	 AD Q. 7.; z v Z" 
	 7)) Q. 	 A) CL 	 A) 	 A) CL "1 5 g 
	 5 g 5-. r) CZ a 	 2, 	 F2, 	 g P-)) 
-o • i,c, 
-0 -0 • ,, 0-,z- 0 p -0 (•-, • cy•-i >o tri • t-.) -•=1 • -o, • _ ... z N -, z z '7) a, ,,.9 E- -7 (-) 	 co (--) ,.„ z .-. z t, „, 
	 ,1-1 sz > - =. 
‘,".- o po -t -t at) t),) - 	 6. - . ',e 't 	 ;.-., Zr. i,-4- 
	 ci) 	 Z _< cro 5 so 
...., c co 2) g:) gz 0 
	
-,. 	 P ... z " t-.. 	 a cz, 	 = ot.c'z 	 ° -"?.. 	 cyci = =" t'l ,"4 	 '", 	 r.) 	 . ei -,z-3. `.< 0 ...., , FS-, eL ,..t - • LeA C.) CZ, N 0 
	 Z CM 	 ,„ CZ) 6-. 	 z sz, 0 0 	 Z 	 r, P.) --* 	 1,. 0 .10 il ',s,', "t::: .•-t 0 	 n••• : ..., 	 "6' .--, • 
rl. 2 	 6), ) g 	 z, • , .el: 	 c.7; b-1 ^3, =. , 	 6.., ..00 ,,z, c,,,. 	 E.', 	 .a. : 19 
'C 	 CD '''' `....."', ,-, 	 F3' (.3 ,,< '•.< $ZD 	 , =.. =" z 	 VD 
Z P 	 =.- 	 Irr,. rD 	 ••• ...., .... z , Z..., ... c;5_, 7.,., 	 CD ,..Z . AI 0 	 Z Z Z 0 ""t ,.... 	 ... t., t." 5" 5- 	 '24. 	 Z 	 ...': 5" Z 	 . 	 ..._, '—'. •t4 	 Z Z 	 = cn DA AD C 
	 c.--1 	 C:D ''' 'EL AD -RI E FS' CI: '. z* 
	 t,t c:r 	 P ^c:1 	 CD 	 ,-,. 	 0.. S DID 	 z 	 c.. AD 
,....: 	
'S. 	 'C'')- - 	 CD z CD 	 S -a' W E.';' 	 co 	 c 	 c- 0, 	 .... 	 CD t.., 	 m , 	 CA.' 
E." 	 Q . i:j 	 E. a rt 	 ,.... c,„ 
, 	 z 
....: 
Cr 
cr 
71 '65 	 '71 	 71 	 '71 :14. A) 	 A) 	 C 0- 
5 	 5 5 0 
• '4`. "t-1 • 
	 * 	 > (73- 'C;74 > 	 rp 4 0 F 	 o 	 0 	 ca 
° 	 g 
• sza z Q. 'AS 
.t A) 
	 "t 	 C": 	 : 
n•-• =". 
	 E. A) 
cn 	 pC:1" 
'CS A) 
• CD 	 CD "CS 
• cp 
CO 	 0 
,••n - c.1 
'71 0 (1) 
cr g., 
p7- 
cro 
0 
4=, 
\O 
Cf) 
(10 
i"1"3" 
4 4 
CD CD 
6- 6- 
c 
CD CD 
Pz) 
C.) 	 td 
CD CD '6,“ 
eT. 	 •-• 0 AD A) 
PS' 77' &I 
CD 
0 
Z 
SID 
	 SDD 
AD: 
0 
0 
CL 
cn 
0 
cn 
cr 
0 	 '71 71 
CD CD 
	 0 Cr Cr 0 
cD cD 	 CL n•••! 	 n-t 	 c„, 
010 C10 
C") 	 SID 
z z g.< 4 0 0 > 
Cr \ 
.1=.• 
0 0 Cr 
5 
P.) 
 
C.) 
N.) 
c?` 
DD 
-...• 
CrN t,..) 
> 	 > > 	 N N > 	 > > 	 > 
'71 	 '71 '71 	 ,.c n0 .1.1 	 71 	 '71 	 '71 o 	 c0 c) 	 Iv 1,-) 0 	 0 	 0 	 0 LA 	 LA (..n 	 \O \O ul 	 Ul 	 (.J1 	 CA 
t`,.) 	 N) N) 	 0 0 ts, 	 t•-) 	 IQ 	 IQ 00 	 CO 00 	 0\ ---1 0.0 	 00 	 00 	 CO 
\-0 	 CO 00 	 00 	 00 	 CYO 	 \ .0 
0, 	 ---1 cl, 	 ul 	 4=•. 	 t..,.) 	 .... 
9 1 
'71 
(.1) 
00 
\CD 
N.) 
> 
'71 -P-
o N-) LA 
co L.,) 
N > > > 
vD 	 '71 '71 	 '71 
c0 cD 0 
c) 	 N.) N.) 	 N.) LA 	 co co 	 co 
oo n.o 	 co 
CD CD 	 nC) 
cn CD 
cr 
o 
o- 
--. 	
-, A.) 	 gt 
m. 	 2,..  
CD 	 CD 	 CD 
ti ''t 	 '1  " (--) 	 .-ri 	 .-ii 
	
C) CD 	 w  
= 	 5 o ,..1 	 5 	 5 or) 
,c....? • 	 ot. c..) c-) . 	 . r1) . (--) - 	 ti • 	 -t 
CD > 1') q q P 6" ,e,.. 	 n c-,-, - P 
..._,. — — -- ;.-1 ,..b- 	 2 ,-, .• 
,z, ... =. 2, $:, 	 • 	 p , 	 ,..., 
*0 1:20 
	
VII I  z „ 1.-.• `S. 'it.. ,.... ....• .... (...,  
,., =..$1.2ct, z z.PC....  
''' "" • 	 0  
co a 	 -t, ,..._ Cl. 	 5 	 0 0 	 Tw 
,.,1 C 	 ,.., ',..1-  
, CD 	 1.-,.. C‘:), CD 	 0 '0 C4 r".• •-• • 
,., .''.-  
'01 	 $:DH' 	 cDP ....,. CO 	 0 ...-., 	 `'S C Ct 	 <-.. 
Ct 	 CD Ct 	 CD 
CD
,.... 	 C-* 
CD 	 Z1 
Z 
Z 
CI 
	
'17 	 > MI 
	
c4 	 t.> 
	
CA 	 I•.> 
	
C 	 , .0 
' _., 
	
> > N > > 	 >' 	 > > 
	
'ri '71 `c) 'rl '11 	 '71 '71 	 'II 	 '11 
	
0 0 t") 0 o 	 0 0 	 0 o 
	
cn vi ‹) LA cn 	 c...a Va 	 LA 
	
ts-) t,) 0 N> IQ 	 C.) IQ 	 tJ 	 c....) 
	
v::, nC, 0° n:::) oo 	 00 00 	 oo 	 oo 
	
0 0 C'0 	 n0 VD 	 nC v::, 
	
ts"..) '-' 	 C'.0 	 00 -)  
92 
Fieberling Guyot (using the Alvin submersible, operated by the Woods Hole 
Oceanographic Institution). The specimens collected from these dives were either frozen in 
liquid nitrogen or in a -20°C freezer. Other actiniarian and corallimorpharian specimens 
were collected in U.S. and Bermuda by snorkeling or SCUBA. Two antipatharian 
specimens were donated by Dr. Walter Goldberg of the Florida International University. 
The ptychodactiarian specimen was donated by Dr. Lloyd Peck of the British Antarctic 
Program and Dr. Daphne Fautin of the Division of Invertebrate Zoology at Kansas 
University Natural History Museum. DNA extractions of scleractinians and several 
octocorals were donated by Dr. Sandra Romano of the University of Guam Marine Station 
and Dr. Tamar Goulet of the State University of New York, Buffalo, respectively. 
DNA Extraction Protocol 
The DNA extraction protocols I used was similar to those described by Coffroth et 
al. (1992) and Winnepenninckx et al. (1993). Five to ten polyps of fresh or frozen tissues 
were minced with a razor blade and placed in a 1.5-ml eppendorf tube with 600 pl of 2X 
cetyltrimethylammonium bromide (CTAB) buffer (1.4M NaC1, 0.02M EDTA, 0.1M Tris-
HC1 (pH 8.0), 2% CTAB (Sigma Chemical Co.), and 0.2% beta-mercaptoethanol). This 
buffer is particularly effective at removing polysaccharides that are abundant in coral 
tissues, and which can interfere with DNA extraction. A plastic dounce was employed to 
shear the tissue further, and an additional 300 p1 of 2X CTAB was added. The samples 
were placed at 55°C and digested with 5 ill of proteinase K (20 mg/ml) for approximately 
two hours. The tissues were extracted once with an equal volume of 24:1 
chloroform:isoamyl alcohol, and precipitated in two volumes of cold 95% ethanol at -20°C 
overnight. The tubes were centrifuged at 10,000xg for 30 minutes, and the ethanol was 
removed. The pellets were washed with 500 pl cold 70% ethanol, and the tubes were 
centrifuged at 7,000xg for 15 minutes. The ethanol was removed, and the pellets dried at 
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room temperature. The pellets were resuspended in 50 of TE buffer (10 mM Tris-HC1-- 
pH 8.0, 1 mM EDTA--pH 8.0) and placed at 4°C for three to four hours before 
visualization on an agarose gel. 
The ethanol-preserved specimens were extracted with a slightly different protocol. 
Five to ten polyps of the archival specimens were placed on ice in two to ten ml 2X CTAB 
buffer for two to 24 hours, with the buffer replaced several times during this period. The 
buffer was removed, and the tissue minced finely with a razor blade as above. The tissues 
were incubated with proteinase K at 55°C for 24 hours, with periodic agitation. Another 5 
Ill of proteinase K was added, and the tissues continued to digest for an additional eight to 
twelve hours. The remaining extraction procedure followed as above. 
DNA Amplification Protocols 
Pipet tips with a filter barrier were used throughout this process to guard against 
contamination of the reactions. Negative controls were included during the DNA 
extractions and PCR reactions to detect contamination if it did occur. Each extracted DNA 
sample was diluted 1:10 in TE buffer, and 2 of that dilution was used in a 50 PCR 
reaction. Modified versions of the universal eukaryotic primers A and B (with the 
polylinkers removed) from Medlin et al. (1988) were used in the initial DNA amplifications 
of the 18S rRNA gene. Primer sequences are as follows: A (forward) 5'- 
AACCTGGTTGATCCTGCCAGT-3', B (reverse)-- 5'- 
TGATCCTTCTGCAGGTTCACCTAC-3'. We found the 18S rRNA gene to be roughly 
1800 bp in length in anthozoans. Thirty-five cycles of PCR were carried out using a 
Perkin Elmer Thermal Cycler 480. The DNA was denatured at 94°C for 45 seconds, the 
primers and template were annealed at 55°C for one minute, and the original DNA strand 
was extended at 72°C for 90 seconds. These 35 cycles were followed by a five minute 
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extension at 72°C. The product was visualized on a 1% agarose gel. There was always a 
visible product from the fresh or frozen tissues, and that product was prepared for cloning. 
For those museum specimens that yielded no visible PCR product, a second PCR 
reaction was conducted using 11,t1 of product from the initial PCR reaction as the template. 
The amplified negative control (no DNA was added to the tube) from the initial PCR 
reaction was included in the second reaction, using 1 IA of the original negative control as 
template. The primers used for the second PCR reaction were chosen to ensure that at least 
one primer annealed internally to the initial A and B primers. The internal primers were 
selected from a combination of universal eukaryotic primers and a set of octocoral-specific 
primers that were designed by me. The universal primers were the following: 373 
(forward) 5-'GATTCCGGAGAGGGAGCCT-3' and 1200 (reverse) 5'- 
GGGCATCACAGACCTG-3' (Weekers et al. 1994), 514 (forward) 5'- 
GTGCCAGCMGCCGCGG-3', 1055 (forward) 5'-GGTGGTGCATGGCCG-3', and 
1055 (reverse) 5'-CGGCCATGCACCACC-3' (Elwood et al. 1985), and 536 (reverse) 5'- 
WATTACCGCGGCKGCTG-3' (Lane et al. 1985). The octocoral-specific primers were 
designed to amplify anthozoan DNA, but not DNA from the potential contaminants. The 
octocoral-specific primers were designed from alignments of GenBank sequences of 
actiniarians (found in Table 1), two fungi (Ctyptococcus neoformans, Genbank accession 
#L05428, and Bullera unica, accession #D78330), potential epibionts from Mollusca and 
Crustacea (Mytilus galloprovincialis, accession #L33451, and Stenocypris major, 
accession #Z22850), and a zooxanthella symbiont (Syrnbiodiniurn sp., accession 
#M88509). Octocoral sequences derived from frozen tissue in this laboratory (Table 1) 
were verified as cnidarian through a BLAST search of GenBank and were also used in the 
primer design. Octocoral-specific primers were the following: 705 (forward) 5'- 
GGTCAGCCGTAAGGTTT-3', 705 (reverse) 5'-CATACCTTTCGGCTGACC-3', 900 
(forward) 5'-GTTGGTTTTTTGAACCGAAG-3', 900 (reverse) 5'- 
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CTTCGGITCTAGAAACCAAC-31, 1560 (reverse) 5'-GGTGAAGGAGTTACTCGATG-
3'. PCR primer pairs were chosen to include at least one octocoral-specific primer, and to 
amplify the largest fragment possible from the archival specimens. Further details and the 
rationale behind this technique can be found in Chapter 2. 
Determination of DNA Sequences 
The final PCR product was cloned using the Original TA Cloning Kit (Invitrogen 
Corporation). The PCR product was ligated into the pCR 2.1 cloning vector, then 
transformed into a strain of INVaF' cells. The plasmid was isolated using the Wizard 
Miniprep DNA Purification Kit (Promega Corporation) and subsequently used as a 
template for cycle sequencing reactions, using the SequiTherm EXCEL Long-Read DNA 
Sequencing Kit-LC (Epicentre Technologies). DNA sequences were determined for both 
the forward and reverse strands of the gene. The reactions were run on a LI-COR 4000 
DNA Sequencer, using infrared-labeled primers: M13 (forward) 5'- 
CACGACGTTGTAAAACGAC-3', M13 (reverse) 5'-GAATAACAATTTCACACAGG-
3', 514 (forward) 5'-TCTGGTGCCAGCASCCGCGG-3', 536 (reverse) 5'- 
TGGWATTACCGCGGSTGCTG-3', 1055 (forward) 5'-GTGGTGGTGCATGGCCG-
3', 1055 (reverse) 5'-AAGAACGGCCATGCACCAC-3'. The resulting images were 
interpreted using the BioImage gel reader program. 
Sequence Analysis 
DNA sequences were aligned first by eye, with consideration of secondary 
structure models, and with the alignment program Clustal W 1.6 (Thompson et al. 1994). 
Regions of uncertain alignment were eliminated from the final analyses (the nexus file is 
available upon request). In total, 1609 basepairs were used in the analyses, of which 247 
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out of 541 variable sites were parsimony-informative, and 294 were parsimony-
uninformative. 
All analyses were performed using test versions of PAUP* (ver. 4d61, 4d63) 
(Swofford 1996, betatest version). An initial distance analysis of the entire dataset was 
performed using a Kimura 2-parameter model. The likelihood scores were calculated for 
that tree using a variety of ML models, incorporating combinations of base-dependent rates 
of change with unequal base frequencies, a proportion of invariant sites, and substitutional 
rate heterogeneity. The purpose of this procedure was to identify the simplest model of 
evolution that was still accurate for this data set; the simpler model has a lower variance 
(Rzhetsky & Nei 1995) and is less computationally intensive. Using a Likelihood Ratio 
Test (LRT) similar to the one described by Huelsenbeck and Rannala (1997), the likelihood 
scores (L) of simpler models were compared to that of the most complex reference model (a 
general time-reversible model with among-site substitution heterogeneity): 1..,RT=2(11- 
1nLreferencel -[-lnLaltemative]). The values of the LRT are approximately Chi-square 
distributed, with the degrees of freedom equal to the difference in free parameters between 
the models being tested. Models for which the LRT score was greater than the Chi-squared 
critical value were rejected as not being sufficiently accurate. 
Likelihood scores were also used to test specific phylogenetic hypotheses addressed 
by this study. Alternative evolutionary hypotheses were formed by manipulating tree 
topologies using the computer program MacClade (Maddison & Maddison 1992). The 
Kishino-Hasegawa (KH) Test (Kishino & Hasegawa 1989) within the PAUP* program 
was used to compare the likelihood scores of different topologies (i.e. evolutionary 
hypotheses). Trees were viewed using PAUP* and the free-ware program TreeView (Page 
1996). 
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Results 
The large number of taxa and lengths of each sequence included in these analyses 
made it unlikely that simple parsimony or distance methods would be sufficient for 
detecting the phylogenetic signal within this data set. When using subsets of the data, e.g. 
23 out of the 47 taxa, bootstrap analyses of both parsimony and Kimura two-parameter 
distance methods gave trees with well-supported topology as defined by high bootstrap 
values. When the full data set was used, however, the placement of the Order Ceriantharia 
changed substantially, and the bootstrap values of the basal nodes dropped from 80-100% 
in the subset analysis to 50-60% and below with the full data set. The results from the 
LRT using the original Kimura 2-parameter tree showed that simple parsimony and 
distance models were insufficient to model the evolution of this gene, and that the 
appropriate model for the analysis of this data set was a general time-reversible model 
(GTR) with among-site heterogeneity. All simpler models were statistically inferior to the 
full GTR model for explaining this neighbor-joining tree given these data. The parameters 
estimated from the Kimura 2-parameter tree (Table 2) were used in a heuristic ML search 
consisting of five replicates, with random addition of sequences. The parameters were re-
estimated using the most likely tree that was produced from that ML analysis, to insure 
there were no substantial changes. The most likely trees were found within the first 
replicate in all analyses conducted. 
Seven species were tested as potential outgroups for these analyses: two species 
from Phylum Porifera, two species from Phylum Ctenophora, one species from Phylum 
Placozoa, and two other species from the Phylum Cnidaria, representing classes Hydrozoa 
and Cubozoa (Table 1). Species were tested individually and as a group to determine their 
effect on the overall tree topology. The major clades were present regardless of the taxa 
chosen for the outgroup, with the exception of Trichoplax. When Trichoplax was used as 
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Sequence Parameter Value 
Base frequencies 
A 0.257 
0.206 
0.275 
0.262 
Substitution R matrix 
A/C 0.9458 
A/G 2.6447 
A/T 0.7776 
C/G 1.6166 
C/T 4.9021 
Proportion of invariant sites 0.3807 
Gamma distribution 
0.5889 
Table 2 Sequence parameter values calculated from the 18S rDNA 
used in the present study. Values used as input for maximum 
likelihood analyses. The R matrix contains base-specific 
substitution rates. The gamma distribution parameter oc is the 
inverse of the coefficient of variation of the substitution rate. 
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the sole outgroup, the major clades which had been well-supported were broken up and the 
hexacorals were no longer monophyletic. Polyphyly of the Hexacorallia is inconsistent 
with traditional morphological taxonomy, and has not been shown by previous molecular 
phylogenies, and it is therefore likely that Trichoplax by itself is an inappropriate outgroup 
for these analyses. When all outgroups were used together, the general tree topology was 
once again as seen in the majority of the outgroup trials. 
The positional stability of the outgroups was examined in addition to their overall 
effect on tree topology. Although the combined use of Mnemiopsis leidyi (ctenophore) and 
Selaginopsis comigera (hydroid) as the only outgroups produced the expected tree 
topology, M. leidyi could then be moved to multiple positions on the topology, including to 
the ingroup, without reducing the likelihood score significantly (KH Test, P<0.05). 
Mnemiopsis leidyi with S. cornigeras alone may be an inappropriate outgroup, since M. 
leidyi doesn't branch reliably at the root of the tree. When all outgroup species were used, 
the root became stable; the outgroup species could only be placed at the root or the 
adjoining basal node without reducing the likelihood score significantly. Monophyly of the 
ingroup could not be rejected. The final analyses for this data set were performed using all 
seven taxa as outgroups. 
Parsimony and distance methods showed that the orders Actiniaria, Zoanthidea, 
Scleractinia, Antipatharia, and Ceriantharia, as well as the Subclass Octocorallia, constitute 
monophyletic groupings (data not shown). The Corallimorpharia do not appear to be 
monophyletic. Since the primary issues to be addressed here were the ordinal-level 
relationships within the Anthozoa, the topology and monophyly of the Scleractinia and the 
Octocorallia were fixed for the ML analyses to decrease computational complexity (i.e. 
effectively reducing the number of taxa from 41 to 25) and to concentrate the analytical 
efforts on the above issues. One most likely tree was produced from a ML analysis (Fig. 
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2). The orders that were not fixed retained the monophyly found in distance and 
parsimony analyses. 
The most likely tree (Fig. 2) indicated that the Subclass Ceriantipatharia is not a 
monophyletic grouping. The Order Ceriantharia was basal to the Hexacorallia, and the 
Order Antipatharia fell within the Subclass Hexacorallia, as a sister group to the Order 
Zoanthidea. The two species of the Ceriantharia clustered consistently with each other, but 
the placement of the Ceriantharia branch was not stable. Although the most likely tree 
placed the Ceriantharia in an ancestral position relative to the Hexacorallia, the cerianthids 
could then be placed in numerous positions throughout the Actiniaria, Antipatharia, within 
the Octocorallia, and at the base of most subclades without reducing the likelihood of the 
tree significantly (KH Test, P>0.05) (Fig. 3). The cerianthids appear to be highly 
divergent from the other Anthozoa, but they have evolved in such a way that the 
phylogenetic signal from their sequences could not indicate their specific phylogenetic 
affinities within the Anthozoa. Their position could not be placed reliably using nuclear 
18S rRNA data. The two cerianthid species were eliminated from further analyses in order 
to reduce the computational noise resulting from their sequences. 
The computational complexity of the analyses was reduced further by fixing the 
relationships within the Actiniaria, the Antipatharia, the Zoanthidea, the Scleractinia, and 
the Octocorallia, as they were found in parsimony analyses. This effectively reduced the 
number of taxa in the analysis from 45 to 14. This approach was justified based on the 
solid bootstrap support for monophyly, as seen in a ML-calculated distance analysis (Fig. 
4), as well as results from parsimony and ML analyses (data not shown). The fixation of 
these nodes allowed the ML algorithm to concentrate on the relationship of the basal nodes, 
which represent the relationships among the primary clades. 
A single most likely tree was found from the subsequent ML analysis (Fig. 5). The 
Subclass Octocorallia formed a sister clade to the Hexacorallia. Within the hexacoral clade, 
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Fig. 2 	 The most likely tree produced from maximum likelihood 
analyses of the Anthozoa with topologies of the octocoral 
clade and scleractinian clade fixed (circled) (-LN likelihood = 
11919.609). The relative positions of the orders within the 
Hexacorallia and Ceriantipatharia (Scleractinia, 
Corallimorpharia, Antipatharia, Zoanthidea, Actiniaria, and 
Ceriantharia) are interchangeable without reducing the likelihood 
of the tree significantly (KH Test, P<0.05). Horizontal branch 
length reflects genetic distance among taxa. Outgroup genera 
are Tetilla, Scypha, Beroe, Mnemiopsis, Trichoplax, Tripedalia 
and Selaginopsis. 
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Fig. 3 	 Possible placements of the Ceriantharia that do not reduce the 
likelihood of the tree. The X's mark the positions where one or 
both species of the Order Ceriantharia can be placed without a 
significant reduction of the likelihood score of the tree (KH 
Test, P<0.05). Horizontal branch length does not reflect 
genetic distance. Outgroup genera are Tetilla, Scypha, Beroe, 
Mnemiopsis, Trichoplax, Tripedalia and Selaginopsis. 
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Fig. 4 	 Bootstrap analysis using distances calculated from maximum 
likelihood parameters, showing support for monophyly of the 
ordinal nodes. No taxa were fixed for this computation. 
Horizontal branch length reflects genetic distance among taxa. 
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Fig. 5 	 Most likely tree produced from maximum likelihood 
analyses, showing the most basal relationships present 
among the Hexacorallia (-Ln likelihood = 11072.545). The 
topologies of the Actiniaria, Antipatharia, Scleractinia, 
Zoanthidea, and Octocorallia were fixed to simplify 
computational complexity (circled). Horizontal branch length 
reflects genetic distance among taxa. 
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the Actiniaria were most basal. The Antipatharia formed a sister clade to tine Zoanthidea. 
The Corallimorpharia were polyphyletic, and basal to the Scleractinia. The topology of 
ordinal clades within the Hexacorallia can be varied without reducing the likelihood of the 
tree significantly (KH Test, P<0.05). 
The 18S rRNA gene contained sufficient phylogenetic signal to suggest 
relationships for both the ptychodactiarian species Dactylanthus antarcticus and the putative 
antipatharian Dendrobrachia paucispina. Neither of these species was constrained for the 
initial analyses, as I wanted to determine their position relative to the other Anthozoa. The 
ptychodactiarian Dactylanthus was firmly allied with the Order Actiniaria. A separate ML 
analysis was conducted including only Dactylanthus, the Actiniaria, and a subset of the 
outgroup species. New ML parameters were calculated to reflect the change in taxonomic 
sampling. The most likely tree (Fig. 6) placed Dactylanthus with the species Haloclava 
sp.. 
Dendrobrachia paucispina was placed clearly within the octocoral clade, and 
branched with the species Umbellula sp. and Narella bowersi. All other positions for 
Dendrobrachia on this tree reduced the likelihood significantly (KH Test, P<0.05). 
Discussion 
These molecular analyses support the morphological division between the Subclass 
Octocorallia and the other Anthozoa, which was based primarily on mesentery and tentacle 
structure. The octocorals' octamerous mesenteries and pinnately-branched tentacles are 
unique to the Anthozoa, as are their mesenchymal skeletal spicules. The octocorals also 
share a single type of nematocyst (basitrichs) which are rare or absent in the Actiniaria 
(Picken & Skaer 1966, Schmidt 1974). The remaining species within the Anthozoa, which 
comprise the early Subclass Hexacorallia, are more diverse in their morphology. They are 
characterized by simple, unbranched tentacles, and generally by six or more pairs of 
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Fig. 6 	 Maximum likelihood analysis of Actiniaria and Ptychodactiaria 
(Dactylanthus antarcticus) (-Ln likelihood = 6094.807). Dactylanthus 
does not appear to constitute a separate order. It is most closely allied 
with the tribe Athenaria (Suborder Nynantheae). Tribe Athenaria 
and Dactylanthus branch within the clade of the Tribe Thenaria 
(Suborder Nynantheae). 
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mesenteries. Their skeleton (if present) may be composed of calcium carbonate or chitin, 
but never contains free sclerites (Wells & Hill 1956a). 
Molecular information from three different ribosomal genes have indicated two 
potential phylogenetic positions for the Ceriantharia within the Anthozoa. France et al. 
(1996) examined the mitochondrial 16S rRNA gene (550-900 bp from 29 species), and 
found the cerianthids were ancestral to the remaining hexacorals (Fig. la). A combination 
of 16S mtDNA and 18S rDNA sequences also found the cerianthids to be basal to the 
hexacorals (Bridge et al. 1995). A third study using 800 bp of the 18S rDNA from 13 
species (Song & Won 1997) placed the cerianthid species as ancestral to all of the Anthozoa 
(Fig. lb), as did a fourth study using 225 bp of 28S rDNA sequence from 22 species 
(Chen et al. 1995) (Fig. 1c). 
The most likely tree generated from the 18S rDNA sequences in the present study 
did not support the alliance of the orders Ceriantharia and Antipatharia within the Subclass 
Ceriantipatharia (Fig. 1). Similar conclusions were found previously by France et at 
(1996) and Song/Won (1997). The Ceriantharia appeared to be ancestral to the 
Hexacorallia, and the Antipatharia fell within the Hexacorallia. These analyses could not, 
however, identify the exact position of the Ceriantharia with statistical certainty (Fig. 3). 
The cerianthid species could be placed in multiple positions on the tree without reducing the 
likelihood of the tree significantly. These analyses of 18S sequence information were 
unable to establish the phylogenetic history of the Ceriantharia reliably. 
I was able to clearly establish the affinities of the Order Antipatharia within the 
Subclass Hexacorallia from my analyses. Sequence analyses in the past have had 
incomplete sampling for the determination of the phylogenetic affinities of the Antipatharia. 
France et al. (1996) and Song and Won (1997) found the Antipatharia to be a sister clade to 
the Actiniaria, but neither study included zoanthid species in their analyses. The most 
likely tree from my analyses indicated the Antipatharia form a sister clade to the Zoanthidea. 
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Moving the Antipatharia to branch with the Actiniaria, however, did not make the tree 
significantly less likely. A phylogenetic association between the Antipatharia and either the 
Zoanthidea or the Actiniaria was supported from these analyses. 
The most likely tree generated from my 18S sequence data suggested that the 
Corallimorpharia were not monophyletic, and they exhibited a closer affinity to the 
Scleractinia than the Actiniaria (Fig. 5). This result agreed with the France et al. (1996) 
study (Fig. la), but not with Chen et al. (1995) (Fig. 1c). The latter showed the Actiniaria 
to be a polyphyletic group comprised of two clades, with species of Corallimorpharia 
branching with both clades of actiniarian species. These two actiniarian/corallimorpharian 
clades were distinct from the monophyletic clade of scleractinians. My most likely tree 
indicated that both the Actiniaria and the Scleractinia were monophyletic, and the 
Corallimorpharia branched basally to the Scleractinia. The Corallimorpharia could be 
moved throughout the scieractinian clade, however, without reducing the likelihood of the 
tree (KH Test, P<0.05). The likelihood of the tree was also not reduced significantly if the 
corallimorpharian species were forced to monophyly. The close phylogenetic association 
of the Corallimorpharia and the Scleractinia is reminiscent of the taxon Madreporaria 
(Stephenson 1921), in which were combined the Scleractinia and the Corallimorpharia. 
The close genetic affinity of the Scleractinia and the Corallimorpharia suggests that the 
morphological characters of mesentery structure, which is similar between the two groups, 
may be more reflective of evolutionary associations than the presence or absence of a 
skeleton. 
The branching pattern of the Actiniaria in the present study differed from that found 
by Chen et al. (1995). I included representatives of the actiniarian taxa that branched with 
the Corallimorphidae in the 28S tree, but they fell with the other Actiniaria and not with the 
Scleractinia according to my 18S data. The polyphyly of the Actiniaria found by Chen et 
al. may have been a result of the short sequence length used for their analyses. 
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My taxonomic sampling is limited for the Corallimorpharia, but I chose species that 
represented both of the major morphotypes within the order: Discosoma is of the tropical, 
plate-like variety, and Corynactis is of the temperate, polyp-like variety. This sampling 
scheme is clearly insufficient for indicating relationships among the families of the 
Corallimorpharia, and as I have shown the 18S rRNA gene may also be inadequate for 
distinguishing the relationships within this group. The close relationship between the 
Scleractinia and the Corallimorpharia is evident, but the phylogenetic information present in 
these 18S sequences is insufficient to establish the specific relationships among these two 
groups. 
My 18S rDNA data indicated that the Ptychodactiaria have strong connections to the 
Actiniaria. These data do not support the establishment of a separate order, although the 
possibility a separate order is warranted cannot be strongly rejected. I conducted an ML 
analysis on the Actiniaria and Dactylanthus alone, with a selection of species as the 
outgroup, and new parameters appropriate to these taxa. My analyses indicated good 
agreement between the 18S-generated relationships and traditional placement of 
Dactylanthus within the Actiniaria (Fig. 6). The subtribes each constituted monophyletic 
groupings. The Tribe Anthenaria, represented here by a single species, appeared to be 
derived from the Tribe Thenaria. The most likely tree from my analysis of this subset of 
species showed a sister-taxon relationship between Dactylanthus and Haloclava, of the 
Tribe Athenaria. However, Dactylanthus could be moved throughout the 
Endomyaria/Athenaria clade, or to a position basal to the Acontiaria, or basal to the 
Actiniaria as a whole without reducing the likelihood significantly (ICH Test, P<0.05). 
This sampling scheme also lacks representatives of the two remaining suborders within the 
Actiniaria (Suborder Protantheae and Suborder Endocoelantheae). Thus, although the 
association of Dactylanthus with the Actiniaria is clear, its exact position within the 
Actiniaria remains unresolved. 
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These 18S sequence information confirmed the divergence between Dendrobrachia 
and the Antipatharia, the order in which it was originally placed (Fig. 5). Dendrobrachia 
paucispina fell securely within the octocorals, specifically with two species of the Suborder 
Holaxonia (Lepidisis sp. and Narella bowersi), and the unusual pennatulacean Umbellula 
sp.. Opresko and Bayer (1991) stated that Dendrobrachia is clearly an octocoral, based on 
its definitively gorgonian polyp structure. Although the genus has a spiny, chitinous 
skeleton and lacks free sclerites, these are the only characters shared with the Antipatharia. 
Opresko and Bayer (1991) suggested that Dendrobrachia may be associated with the 
Family Chrysogorgia, which is also within the Suborder Holaxonia, and my analyses were 
consistent with this hypothesis. It appears the skeletal composition is less important than 
polyp morphology for indicating taxonomic affinities for this group. A more 
comprehensive discussion of the phylogenetic position of D. paucispina appears in Chapter 
4. 
Conclusions 
These analyses of 18S rDNA data indicate that the three-subclass system as it exists 
currently is not reflective of the evolutionary history of the Anthozoa. A three-subclass 
system may indeed be accurate, with the Ceriantharia designated a subclass with the 
Hexacorallia and the Octocorallia. The orders Ceriantharia and Antipatharia, united 
currently within the Subclass Ceriantipatharia, however, are genetically disparate groups. 
My data support the hypothesis that the Order Ceriantharia is ancestral to the Subclass 
Hexacorallia, while the Antipatharia are sister-taxa to the Zoanthidea and are highly derived 
within the Hexacorallia (as from Brook 1889, Hickson 1906, and Hadzi 1963). Although 
the most likely tree supports this conclusion, I cannot reject alternate hypotheses for the 
placement of the Ceriantharia as ancestral to the Anthozoa (as shown by Song & Won 
1997). The phylogenetic affinities of the Ceriantharia could not be determined reliably 
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using these data. It is clear that they are highly divergent from the remaining Anthozoa, but 
their ancestry remains uncertain. 
The Subclass Octocorallia, as well as the orders Actiniaria, Scleractinia, 
Zoanthidea, Ceriantharia, and Antipatharia were each well-supported monophyletic 
groupings. The Order Corallimorpharia did not appear to be monophyletic, however, and 
my results show that its affinities lie with the scleractinians. The internal mesentery 
structure appears to be a better character than the presence of a skeleton for indicating 
evolutionary patterns of the Corallimorpharia. This was suggested with the historical 
association of the Scleractinia and the Corallimorpharia within the Madreporaria, separate 
from the Actiniaria. Sequence information from genes with higher levels of divergence, as 
well as from additional species of Corallimorpharia, will likely be necessary to establish the 
relationships between the Corallimorpharia and the Scleractinia. 
The phylogenetic affinities of the Ptychodactiaria and the genus Dencirobrachia, 
both of which have been equivocal, were established using 18S sequence information. The 
ptychodactiarian Dactylanthus was not genetically distinct from the Actiniaria, a result 
which is consistent with their original familial designation within the Actiniaria. My 
sequence information suggested an association of Dactylanthus with the Tribe Athenaria, 
but a more specific classification will require further sampling within the Actiniaria. 
Sequence information showed that Dendrobrachia was allied with the Octocorallia, 
as has been predicted from recent morphological work. My analyses placed Dendrobrachia 
closest to members of the Suborder Scleraxonia and the pennatulacean Umbellula. Again, 
further analyses including a more complete representation of the octocorals will be 
necessary to firmly establish its phylogenetic position within the subclass. 
This study has provided the most complete analysis of relationships across the 
Anthozoa to date. I have used the full 18S rDNA sequence for 38 species across all extant 
orders, and have conducted Maximum Likelihood techniques employing appropriate 
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models of evolution for this gene. Nuclear 18S sequence data have clearly shown the 
major divisions within the Anthozoa, and suggested phylogenetic affinities for species that 
had been enigmatic. Sequence information suggests that skeletal properties may not be a 
defining character indicating evolutionary relationships within the Anthozoa. Not all of the 
alternate hypotheses arising from other molecular studies can be supported or refuted with 
these data. Sequence information from additional genes and additional species will be 
necessary to establish the specific relationships investigated here. 
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Chapter 4 
Phylogenetic Relationships within the Subclass Octocorallia 
(Phylum Cnidaria: Class Anthozoa), Based on Nuclear 18S 
rRNA Sequence Information 
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Abstract 
Historically, the Subclass Octocorallia was divided into seven orders: Helioporacea 
(Coenothecalia), Protoalcyonaria, Stolonifera, Telestacea, Alcyonacea, Gorgonacea, and 
Pennatulacea. It has been argued that this arrangement exaggerates the amount of 
variability present among the species of the Octocorallia. The current taxonomy recognizes 
the two orders of Helioporacea (blue corals) and Pennatulacea (sea pens), and assembles 
the remaining species into a third order, Alcyonacea. The species within the Alcyonacea 
exhibit a gradual continuum of morphological forms, malcing it difficult to establish 
concrete divisions among them. The subordinal divisions within the Alcyonacea 
correspond loosely to the traditional ordinal divisions. In this study I used molecular 
techniques to address the validity of the historical ordinal divisions and the current 
subordinal divisions within the Subclass Octocorallia. I also explore the phylogenetic 
affinities of the species Dendrobrachia paucispina, which was originally classified in the 
Order Antipatharia (Subclass Ceriantipatharia). Polyp structure indicates a closer affinity 
between Dendrobrachia and the Subclass Octocorallia. I have determined the nuclear 18S 
rRNA sequences for 41 species of octocorals, and use these to construct a molecular 
phylogeny of the subclass. I utilize Maximum Likelihood techniques, employing a realistic 
model of evolution for these species and this data set. The most likely trees from these 
sequence data indicate three clades, and do not support the morphological taxonomy of the 
Octocorallia. The Order Pennatulacea is the most cohesive group within the subclass, but 
is not monophyletic. One clade is undifferentiated and contains half of the species in this 
analysis. The third clade contains members from three suborders of the Alcyonacea, and 
one member of the Pennatulacea. These data cannot be used to distinguish among the 
branching order of these three clades. The morphological character of dimorphism (the 
presence of both autozooids and siphonozooids within a single colony) corresponds 
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loosely with the topology of the most likely trees, and the monophyly of dimorphism 
cannot be rejected from these data. The species Dendrobrachia paucispina has a close 
affinity with the genera CoraIlium and Paragorgia (Alcyonacea: Scleraxonia), although its 
morphology suggests it is more similar to the genus Chrysogorgia (Alcyonacea: 
Holaxonia). The genetic divergence found within genera is approximately equivalent to 
that found in other invertebrates, but the divergence found within families is greater in the 
octocorals than in other invertebrates. This difference may reflect the inappropriate 
inclusion of evolutionarily divergent genera within octocorallian families. I have employed 
appropriate evolutionary models for maximum likelihood analyses in this study, utilizing 
complete 18S rDNA sequences from the majority of families within the Octocorallia. Many 
of the relationships within the Octocorallia, however, remain ambiguous. 
Introduction 
The Subclass Octocorallia (Phylum Cnidaria) contains many well-known species of 
invertebrates, including soft corals, gorgonians, sea pens, and blue corals. They are 
exclusively polyp-shaped, and constitute a well-defined morphologic group. Several 
characters unite them: nematocyst structure, tentacle number and structure, and the number 
and structure of their mesenteries (divisions within the gastrovascular cavity). The 
octocorals are relatively simple taxa morphologically, however, with few remaining 
characters with which to distinguish taxonomic groupings within this subclass. They can 
be solitary or colonial, and may possess a skeleton consisting of a calcium and/or chitinous 
axis and extra-skeletal calcium-carbonate spicules. The axial structure and the spicular size, 
structure and arrangement are particularly useful for distinguishing among groups at all 
taxonomic levels within the octocorals. Other characters which are used to determine 
taxonomic groupings include the distribution of polyps and the budding pattern of new 
polyps, monomorphic vs. dimorphic colonies (autozooids and siphonozooids within the 
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same colony), and the nature and arrangement of the calcium-carbonate spicules (Bayer 
1956). The taxonomic characters available are so few that entire groups may have been 
defined based solely on a single characteristic (Hickson 1930). The fossil record for these 
species is also incomplete, contributing little towards the reconstruction of their evolution. 
The traditional taxonomy for the Octocorallia divides the subclass into seven orders: 
Helioporacea (Coenothecalia), Protoalcyonaria, Stolonifera, Telestacea, Alcyonacea, 
Gorgonacea, and Pennatulacea (Fig. 1A). Morphology, however, distinguishes only two 
unique groups within the Octocorallia: the orders Helioporacea (blue corals) and 
Pennatulacea (sea pens) (Bayer 1956, Bayer 1973). The Helioporacea lack spicules, and 
form a massive crystalline aragonite skeleton, similar to some Hydrozoa and Scleractinia. 
The Pennatulacea are colonial and are dimorphic. The primary axial polyp is elongated and 
anchored into soft sediment, and the secondary autozooids branch from these primary 
polyps. Pennatulaceans are the most advanced in terms of their colonial complexity, 
functional specialization of zooids, and colonial integration (Bayer 1973). 
The remaining species within the subclass are less easily classified based on 
morphology. One group of farnilies (Ellisellidae, Ifalukellidae, Chrysogorgiidae, and 
Primnoidae) within the original Order Gorgonacea (Suborder Holaxonia) is clearly distinct 
from the remaining alcyonaceans based on its complete lack of chambered axial medulla. 
These families are sometimes grouped together as the 'restricted Holaxonia (Bayer 1981). 
Firm divisions among the remaining species cannot be made on the basis of morphology. 
All degrees of colonial organization and skeletal form occur in a nearly uninterrupted 
continuum, and all of the major body plans are linked by intermediate forms that make strict 
morphological divisions difficult (Bayer 1973, Bayer 1981). 
Although traditional taxonomy recognizes seven distinct orders, several species 
form morphological links between these groups: species of Telestula that were originally 
assigned with Clavularia link the Stolonifera and the Telestacea; Protodendron repens and 
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Subclass Octocorallia 
Order Helioporacea 
Order Protoalcyonaria 
Order Stolonifera 
Order Telestacea 
Order Alcyonacea 
Order Gorgonacea 
Order Pennatulacea 
Subclass Octocorallia 
Order Helioporacea 
Order Alcyonacea 
Suborder Protoalcyonaria 
Suborder Stolonifera 
Suborder Alcyoniina 
Suborder Scleraxonia 
Suborder Holaxonia 
Order Pennatulacea 
A 
B 
Fig. 1 	 Taxonomic classifications of the Subclass Octocorallia. 
A) Traditional classifications, e.g. Deichmann (1936), Hyman (1940). 
B) Revised classifications, from Bayer (1981). 
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Maasella radicans combine attributes of the Stolonifera and the Alcyonacea; the families 
Paragorgiidae and Briareidae have been assigned alternately to the Alcyonacea and 
Gorgonacea; species of Keroeides, Lignella, and Ideogorgia exhibit both the proteinaceous 
cross-chambered axis of the Holaxonia and the axial sclerites typical of the Scleraxonia 
(Bayer 1981). Bayer (1981) suggested that the amount of variation among these species 
was insufficient to warrant distinction at the ordinal level, and revised the classification 
accordingly. The orders Helioporacea and Pennatulacea were retained, and the remaining 
groups were established as suborders (listed with increasing level of colonial complexity) 
within the Order Alcyonacea (Fig. 1B). The remainder of the present paper will use 
Bayer's classification system as the reference. 
The origins of the Octocorallia and their subsequent evolution remain to be 
determined, although the ancestral octocoral was likely solitary (Bayer 1973). The 
Pennatulacea are thought to be a very old group, however, although their precise origins 
are unclear. Pennatulacean-like species have been discovered from the Precambrian, 
preceding the appearance of any known gorgonian species (Bayer 1955, Bayer 1973). The 
Pennatulacea share morphological similarities with a number of alcyonacean species. 
Hickson (1916) suggested that the pennatulid Family Veretillidae may be the most primitive 
of the sea pens, and noted a similarity between the veretillids and a species of 
Sarcophytum, renamed Anthomastus (Alcyonacea: Alcyoniidae). The pennatulacean axial 
structure also has similarities to those of the gorgonian families Ellisellidae and Isididae, in 
patterns of chitinous and calcareous material extending outward from a calcareous core 
(Bayer 1955). Alternatively, the pennatulaceans may have arisen from a Telesto-like 
ancestor, the colony morphology of which superficially resembles that of the Pennatulacea 
(Bayer 1956, Bayer 1973). In 1900, Bourne proposed uniting the Pennatulacea and the 
Telestacea into a single group (cited in Hickson 1916). The lack of any known 
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morphological intermediates between the Pennatulacea and the other members of the 
subclass makes it difficult to establish evolutionary pathways. 
In this study I utilized 18S rRNA molecular sequences to examine phylogenetic 
relationships within the Subclass Octocorallia. Molecular sequences can be used as 
additional characters, and can be useful for suggesting relationships among taxa with few 
morphological characters. The nuclear 18S rRNA gene has been useful in addressing 
questions on a variety of evolutionary scales, including relationships at the ordinal level, 
(e.g. Kelly-Borges et al. 1991, Hay et al. 1995) and the family level (e.g. Kuznedelov & 
Timoshkin 1993, Fitch et al. 1995). 
The present phylogenetic analyses were based on complete 18S rDNA sequences 
from 41 species of octocorals, plus partial sequences for three additional species. I utilized 
Maximum Likelihood (ML) techniques, employing an evolutionary model applicable to the 
gene and organisms included in this study (Swofford et al. 1996, Huelsenbeck & Crandall 
1997). It is particularly important to use realistic evolutionary algorithms when including 
this many taxa and basepairs. The amount of error introduced into an analysis through the 
use of inappropriate models may overwhelm the phylogenetic information contained in the 
data set (DeSalle et al. 1994, Rzhetsky & Nei 1995). 
The specific goals of this study were to examine the primary phylogenetic 
groupings within the Subclass Octocorallia. I explored the genetic divisions within the 
Subclass Octocorallia with three primary inquiries: 1) is there molecular support for the 
either the historical ordinal divisions, or the subordinal divisions as they stand today, 2) is 
there genetic evidence for distinct divisions for the Helioporacea and Pennatulacea, and 3) 
is there any support for the ancestral nature of the Pennatulacea? The levels of genetic 
differentiation measured among groups was compared between orders within the Subclass 
Octocorallia and the Subclass Hexacorallia (Phylum Cnidaria). The hexacorals are likely 
appropriate models because they are closely related species, and their orders are fairly well 
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defined both on a morphological and a molecular level (Bemtson et al. in prep). Traditional 
morphological characters were compared phylogenetic groupings found to evaluate which 
ones appeared to provide the most taxonomic information. 
The final portion of this study examined the phylogentic affinities of the intriguing 
species Dendrobrachia paucispina. This genus was originally classified with the Order 
Antipatharia (black corals) based on its chitinous, spiny axis and its lack of sclerites. A 
thorough examination of the polyp structure was not possible at that time due to poor 
sample preservation (Brook 1889). Even without information on polyp morphology, 
Brook (1889) noted similarities in the axial structure between Dendrobrachia and the Order 
Gorgonacea, but Dendrobrachia was placed with the Antipatharia because it lacked free 
sclerites. Recent morphological studies of this genus have determined that the polyp 
structure places Dendrobrachia unequivocally within the Subclass Octocorallia, specifically 
with members of the Family Chrysogorgiidae (Alcyonacea: Hoiaxonia) (Opresko & Bayer 
1991). Our previous work with 18S rDNA sequence information (Bemtson et al. in prep) 
suggested that Dendrobrachia has phylogenetic affinities with the octocorals, although our 
sampling at that time was insufficient to suggest its familial position. The present study 
provides sequences from all of the ordinal and subordinal groups within the Octocorallia, 
including 22 of the 30 extant families of Alcyonacea. This level of sampling was designed 
to determine whether Dendrobrachia was most closely related to the Chrysogorgiidae as 
predicted from morphology. 
Methods 
Specimens 
The species used in this study (Table 1) were obtained from several sources. Forty 
sequences were determined for this work, and 13 additional sequences (including 
outgroups) were taken from Genbank. Ten of the octocoral specimens and the specimen of 
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Table 1 	 Specimens used in phylogenetic analyses. Species of Placozoa, 
Porifera, Ctenophora, Hydrozoa and Cubozoa were used as 
outgroups. ID# refers to museum accession numbers or to 
collection number. Specimen sources are as follows: AJ, 
courtesy of Ardis Johnston and the Harvard Museum of 
Comparative Zoology; Bishop Seamount, 18.8°N 159.1°W; CG 
courtesy of Constance Gramlich, University of California, San 
Diego; Cross Seamount, 18.7°N 158.3°W; Fieberling Guyot, 
32.1°N 127.8°W; Pensacola Seamount, 18.3°N 157.3°W; 
NMNH, provided by Dr. Frederick Bayer, National Museum of 
Natural History, Smithsonian; TG, courtesy of Tamar Goulet, 
State University of New York, Buffalo. 
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Dendrobrachia paucispina were acquired from Dr. Frederick Bayer of the National Museum 
of Natural History and Ardis Johnston of the Harvard Museum for Comparative Zoology. 
These specimens had been stored in ethanol for periods ranging from two to 50 years. No 
information was available as to whether the samples were fixed originally in ethanol or in 
formalin. Fresh specimens of octocorals and Actiniaria were collected by submersible from 
Hawaiian seamounts (using the Pisces V submersible, operated by the Hawaiian Undersea 
Research Laboratory at the University of Hawaii) and Fieberling Guyot (using the Alvin 
submersible, operated by the Woods Hole Oceanographic Institution). The specimens 
collected from these dives were frozen in liquid nitrogen or frozen at -20°C. Other 
octocoral specimens were collected in US waters by snorkeling or SCUBA. DNA 
extractions of several octocorals were donated by Dr. Tamar Goulet of the State University 
of New York, Buffalo. 
DNA Extraction Protocol 
The extraction protocols were based on those described by Coffroth et al. (1992) 
and Winnepenninckx et al.(1993). Five to ten polyps of fresh or frozen tissues were 
minced with a razor blade and placed in a 1.5-ml eppendorf tube with 600 gl of 2X 
cetyltrimethylammonium bromide (CTAB) buffer ((1.4M NaCl, 0.02M EDTA, 0.1M Tris-
HC1 (pH 8.0), 2% CTAB (Sigma Chemical Co.), and 0.2% beta-mercaptoethanol)). A 
plastic dounce was employed to further shear the tissue, and an additional 300 ill of 2X 
CTAB was added. The samples were placed at 55°C and digested with 5 ill of proteinase 
K (20 mg/m1) for approximately two hours. The tissues were extracted once with an equal 
volume of 24:1 chloroform:isoamyl alcohol, and precipitated in two volumes of cold 95% 
ethanol at -20°C overnight. The tubes were centrifuged at 10,000xg for 30 minutes, and 
the ethanol was removed. The pellets were washed in 500 gl cold 70% ethanol, and the 
tubes were centrifuged at 7,000xg for 15 minutes. The ethanol was removed, and the 
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pellets dried at room temperature. The pellets were resuspended in 50 111  of 'FE buffer (10 
mM Tris-HC1 (pH 8.0), 1 mM EDTA (pH 8.0)) and placed at 4°C for three to four hours 
before visualization on an agarose gel. 
The DNA extraction protocol for the archival specimens differed slightly. Five to 
ten polyps of the ethanol-stored specimens were placed on ice in 2 to 10 ml 2X CTAB 
buffer for up to 24 hours, with the buffer replaced several times during this period. The 
buffer was removed, and the tissue minced finely with a razor blade as above. The tissues 
were incubated with proteinase K at 55°C for 24 hours, with periodic agitation. Another 5 
gl of proteinase K was added, and the tissues continued to digest for an additional eight to 
twelve hours. The subsequent extraction procedure followed as above. 
DNA Amplification Protocols 
Pipet tips with a filter barrier were used throughout this process to guard against 
contamination of the reactions. Negative controls were included during the DNA 
extractions and PCR reactions to detect contamination if it did occur. Each extracted DNA 
sample was diluted 1:10 in TE buffer, and 2 gl of that dilution was used in a 50-111PCR 
reaction. Modified versions of the universal eukaryotic primers A and B (with the 
polylinkers removed) from Medlin et al. (1988) were used in the initial DNA amplifications 
of the 18S rRNA gene. Primer sequences are as follows: A (forward) 5'- 
AACCTGGTTGATCCTGCCAGT-3', B (reverse)-- 5'- 
TGATCCTTCTGCAGGTTCACCTAC-3'. I found the 18S rRNA gene to be roughly 
1800 basepairs (bp) in length in anthozoans. Thirty-five cycles of PCR were carried out 
using a Perkin Elmer Thermal Cycler 480. The DNA was denatured at 94°C for 45 
seconds, the primers and template were annealed at 55°C for one minute, and the original 
DNA strand was extended at 72°C for 90 seconds. These 35 cycles were followed by a 
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five minute extension at 72°C. The product was visualized on a 1% agarose gel, and then 
prepared for TA-cloning. 
For those archival specimens that yielded no visible PCR product, a second PCR 
reaction was conducted using 1111 of product from the initial PCR reaction as the template. 
The amplified negative control (no DNA was added to the tube) from the initial PCR 
reaction was included in the second reaction, using 1 Ill of the original negative control as 
template. The primers used for the second PCR reaction were chosen to insure that at least 
one primer annealed internally to the initial A and B primers. The internal primers were 
selected from a combination of universal eukaryotic primers and a set of octocoral-specific 
primers that I designed. The universal primers are the following: 373 (forward) 5- 
'GATTCCGGAGAGGGAGCCT-3 and 1200 (reverse) 5'-GGGCATCACAGACCTG-3' 
(Weekers et al. 1994), 514 (forward) 5'-GTGCCAGCMGCCGCGG-3', 1055 (forward) 
5'-GGTGGTGCATGGCCG-3', and 1055 (reverse) 5'-CGGCCATGCACCACC-3' 
(Elwood et al. 1985), and 536 (reverse) 5'-WATTACCGCGGCKGCTG-3' (Lane et al. 
1985). The taxon-specific primers were designed to amplify anthozoan DNA, but not 
DNA from the potential contaminants. The octocoral-specific primers were designed from 
alignments of GenBank sequences of actiniarians (listed in Table 1), two fungi 
(Cryptococcus neoformans, GenBank Accession #L05428, and Bullera unica, #D78330), 
potential epibionts from Mollusca and Crustacea (Mytilus galloprovincialis, #L33451, and 
Stenocypris major, #Z22850), and a zooxanthella symbiont (Symbiodinium sp., 
#M88509). Octocoral sequences derived from frozen tissue in this lab (Table 1) were 
verified as cnidarian through a BLAST search of GenBank and were also used in the 
primer design. Octocoral-specific primer sequences are the following: 705 (forward) 5'- 
GGTCAGCCGTAAGGTTT-3', 705 (reverse) 5'-CATACCTTTCGGCTGACC-3', 900 
(forward) 5'-GTTGGTTTTTTGAACCGAAG-3', 900 (reverse) 5'- 
CTTCGGTTCTAGAAACCAAC-3', 1560 (reverse) 5'-GGTGAAGGAGTTACTCGATG- 
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3'. PCR primer pairs were chosen to include at least one octocoral-specific primer, and to 
amplify the largest fragment possible from the archival specimens. Further details and the 
rationale behind this technique are described elsewhere (Bemtson & France in prep). 
Deteimination of DNA Sequences 
The final PCR product was cloned using the Original TA Cloning Kit (Invitrogen 
Corporation). The PCR product was ligated into the pCR 2.1 cloning vector, then 
transformed into a strain of lNVaF' cells. The plasmid was isolated using the Wizard 
Miniprep DNA Purification Kit (Promega Corporation) and subsequently used as a 
template for cycle sequencing reactions, using the SequiTherrn EXCEL Long-Read DNA 
Sequencing Kit-LC (Epicentre Technologies). DNA sequences were determined for both 
the forward and reverse strands of the gene. The reactions were run on a LI-COR 4000 
DNA Sequencer, using infrared-labeled primers: M13 (forward) 5'- 
CACGACGTTGTAAAACGAC-3', M13 (reverse) 51-GAATAACAATITCACACAGG-
3', 514 (forward) 5'-TCTGGTGCCAGCASCCGCGG-3', 536 (reverse) 5'- 
TGGWATTACCGCGGSTGCTG-3', 1055 (forward) 5'-GTGGTGGTGCATGGCCG-
3', 1055 (reverse) 5'-AAGAACGGCCATGCACCAC-3'. The resulting images were 
interpreted using the BioImage gel reader program. 
Sequence Analysis 
DNA sequences were aligned first by eye, taking into account secondary structure 
models, and with the alignment program Clustal W 1.6 (Thompson et al. 1994). Regions 
of uncertain alignment were eliminated from the final analyses (the nexus file is available 
upon request). In total, 1640 basepairs were used in the analyses, of which 413 out of 689 
variable sites were parsimony-informative, and 276 were parsimony-uninformative. 
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All analyses were performed using test versions of PAUP* (versions 4d61 and 
4d63) written by David Swofford (Swofford 1996, betatest version). An initial parsimony 
analysis of the entire dataset was performed, which resulted in 35,000 equally 
parsimonious trees. The likelihood scores were calculated for one of the most 
parsimonious trees, using a variety of evolutionary models. The purpose for this 
procedure was to identify the simplest model of evolution that was still accurate for this 
data set; the simpler model will have a lower variance (Rzhetsky & Nei 1995) and will be 
less computationally intensive. Using the Likelihood Ratio Test (LRT) as described by 
Huelsenbeck and Rannala (1997), the likelihood scores were calculated for each ML model 
and compared to the most complex model, which is a general time-reversible (GTR) model 
incorporating unequal base frequencies and among-site substitution heterogeneity. The 
values of the LRT are approximately chi-square distributed, with the degrees of freedom 
equal to the difference in free parameters between the models being tested. Models for 
which the LRT score was greater than the Chi-square critical value were rejected as not 
being sufficiently accurate. 
A strict consensus tree from the initial parsimony search was calculated, and it 
indicated a large undifferentiated clade (data not shown). A bootstrap analysis using ML-
based distance calculations was also performed, and the results showed strong support 
(bootstrap value = 91) for the existence of the same undifferentiated clade (Fig. 2). The 
topology of the taxa within this clade was fixed for subsequent analyses, based on one of 
the equally parsimonious trees found. This was done for computational reasons, as it 
effectively reduced the number of taxa in the analysis from 53 to 32. Without fixing this 
clade, much of the computational time would have been utilized by these taxa, for which 
there was very low phylogenetic signal. 
The outgroups chosen for these analyses were two species from the Phylum 
Porifera, two species from the Phylum Ctenophora, one species from the Phylum 
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Fig. 2 	 Bootstrap analysis using distances calculated with maximum 
likelihood parameters, showing the undifferentiated clade. 
Undifferentiated clade and outgroups identified by bars. 
Numbers at nodes are the percent that branch occurred in 
subsampled replicates. No taxa were fixed for this 
computation. Horizontal branch length does not reflect genetic 
distance among taxa. 
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Placozoa, four other species from the Phylum Cnidaria (one each from the classes 
Hydrozoa and Cubozoa, and two species of anemones, Class Anthozoa) (Table 1). These 
species were previously shown to be appropriate outgroups for phylogenetic analyses of 
the subclass divisions within the Anthozoa (Berntson et al. in prep). Five replicates of a 
ML analysis were performed using random addition of taxa to find the most likely trees 
given this data set. Trees were viewed using PAUP* and the free-ware program TreeView 
(Page 1996). 
Likelihood scores were also used to test specific phylogenetic hypotheses relating to 
the questions addressed with this study. Alternative evolutionary hypotheses were formed 
by manipulating tree topologies using the computer program MacClade (Maddison & 
Maddison 1992). The Kishino-Hasegawa test (KH Test) (Kishino & Hasegawa 1989) 
within the PAUP* program was used to compare the likelihood scores of those topologies. 
1 compared genetic divergences within the Octocorallia to those found in the 
Hexacorallia, as well as to divergences measured in other invertebrates using 18S 
ribosomal sequences. I used PAUP* to calculate the basic percent divergence values (p-
distance) and the ML-corrected distances, using the aligned and edited dataset. The 
divergences for the Hexacorallia were calculated from the data set from another study 
(Berntson et al. in prep). 
Results 
The results from the Likelihood Ratio Test (LRT) of the original parsimony tree 
showed statistically (P<0.05) that simple parsimony and distance models were insufficient 
to represent the evolution of this gene. The only appropriate model for the analysis of this 
data set was a General Time-Reversible (GTR) model with unequal base frequencies and 
among-site heterogeneity. All simpler models were statistically inferior to the full GTR 
model for explaining this tree, given these data. The parameters estimated from the 
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parsimony tree (Table 2) were used in a heuristic ML search consisting of five replicates, 
with random addition of sequences. The parameters were re-estimated using the most 
likely tree that was produced from that ML analysis, to insure there were no significant 
changes. The most likely trees were found within the first replicate in all analyses 
conducted. 
Three equally likely trees were produced from the Mt analysis, and a representative 
of these trees is shown (Fig. 3). Three distinct clades were evident within the Octocorallia, 
none of which corresponded to current taxonomy. The most likely trees differed in the 
branching order of the basal nodes separating the three clades. This branching order could 
not be resolved statistically with the present sequence information. 
Members of most suborders were represented in all three clades. Clade A (Fig. 3) 
had the most phylogenetic structure within it, as indicated by bootstrap values associated 
with its topology (Fig. 2). Clade A (Fig. 3) contains primarily holaxonians (families 
Chrysogorgiidae, Isididae, and Primnoidae), but also members from the Scleraxonia, 
Pennatulacea, and Alcyoniina. Clade B contains the majority of the Pennatulacea, as well 
as members of the Stolonifera, Scleraxonia, and Holaxonia. Clade C is essentially 
undifferentiated, and contains members of all major groups except Pennatulacea. There is 
very little phylogenetic signal present within this clade. 
The most likely trees provided support for the current taxonomy at the level of 
Family, for some of the families represented by multiple species. The families Ellisellidae, 
Isididae, and Primnoidae (Order Alcyonacea: Suborder Holaxonia) constituted 
monophyletic groups based on the species chosen here. The most likely tree showed the 
Coralliidae (Suborder Scleraxonia) to be paraphyletic, with the inclusion of the genus 
Dendrobrachia. Dendrobrachia could be placed as sister-taxon to the two species of 
CoraIlium without reducing the likelihood of the tree significantly (KH Test, P<0.05). The 
families Alcyoniidae (Order Alcyonacea: Suborder Alcyoniina), Anthothelidae (Order 
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Sequence Parameter Value 
Base frequencies 
A 0.258 
C 0.206 
G 0.264 
T 0.272 
Substitution R matrix 
A/C 1.0257 
A/G 2.6331 
VT 0.9627 
C/G 1.3927 
C/T 4.4228 
Proportion of invariant sites 0.3761 
Gamma distribution 
a 0.6455 
Table 2 	 Sequence parameter values calculated from the 18S rDNA 
used in the present study. Values used as input for maximum 
likelihood analyses. The R matrix contains base-specific 
substitution rates. The gamma distribution parameter a is the 
inverse of the coefficient of variation of the substitution rate. 
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Fig. 3 
	 One of three equally likely trees produced from maximum 
likelihood analyses, with the topology of species in clade C 
(circled) fixed (-Ln likelihood = 11129.976). The relative 
positions of nodes A, B and C are interchangeable and equally 
likely. Clades marked with vertical bars contain dimorphic 
species. Horizontal branch length reflects genetic distance 
among taxa. Colors represent the major taxonomic groupings 
within the Octocorallia. The seven species in black at the base 
of the tree are the outgroups. 
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Alcyonacea: Suborder Scleraxonia), and Virgulariidae (Order Pennatulacea) did not appear 
to be monophyletic. The associations within the families Acanthogorgiidae and Plexauridae 
(Order Alcyonacea: Suborder Holaxonia) could not be determined from these data, as they 
fell within the undifferentiated clade C. 
The morphologically well-defined groups within the Octocorallia were not well 
supported genetically. The majority of the species within the Order Pennatulacea branched 
with Clade B, but the genus Umbellula fell in Clade A, basal to Anthomastus. Umbellula 
could not be moved without reducing the likelihood of the tree significantly (ICH Test, 
P<0.05). The remaining Pennatulacea formed a monophyletic clade, at the base of which 
fell species from three different suborders. The sole representative of the other well-
defined group of octocorals, the Heliporacea, could not be distinguished from the 
undifferentiated Clade B. Its placement, however, may be an artifact resulting from an 
incomplete sequence (541 bp out of 1646 were used). The clear association of the 
'restricted Holaxonia' was also not supported in these trees, as the four families were 
spread throughout all three clades. 
Four taxa (Erythropodium, Telestula, and two species of Junceella) were found at 
the base of the pennatulacean clade in each of the three most likely trees (Fig. 3). The 
distinct morphology of the Pennatulacea does not predict a close association with these 
taxa. I tested the support for the placement of these four taxa with the Pennatulacea by 
constraining them into each of clades A and C, and performing an heuristic search for the 
most likely tree given each of the constraints. These four taxa could be placed at the base 
of either Clade A or Clade C without reducing the likelihood of the tree significantly (ICH 
Test, P<0.05). 
Dendrobrachia paucispina was closely affiliated with the genera CoraIlium and 
Paragorgia, with 100% bootstrap support (Fig. 2). Dendrobrachia could be moved to all 
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positions on the tree near Paragorgia and the two species of CoraIlium without reducing the 
likelihood of the tree significantly (ICH Test, P<0.05). 
The morphological character of dimorphism was found in two separate groups: the 
Pennatulacea, and the group containing Umbellula, Anthomastus, Paragorgia, and 
Corailium (Fig. 3). I forced monophyly of the dimorphic species to investigate the 
possibility that this character arose once within the Octocorallia. The resulting topology 
(Fig. 4) did not decrease the likelihood significantly from the best trees (KH Test, 
P<0.05). Erythropodium, Telestula, and the two species of Junceella in the previous 
paragraph could be moved to any of positions 1, 2, or 3 on this tree without reducing the 
likelihood significantly (KH Test, P<0.05). 
The genetic divergences measured using p- and ML-distance calculations from these 
18S sequence data showed similarities between the Hexacorallia and the Octocorallia, as 
well as with other invertebrates at the higher taxonomic levels (between classes within 
Cnidaria and orders within the Hexacorallia and Octocorallia) and at the lower levels 
(within genera). Divergences at the intermediate taxonomic levels (between suborders and 
within families) did not agree as closely between the Anthozoa and other invertebrates 
(Table 3). The ML-corrected distances were slightly greater than the p-distance values. 
The p-distance divergence between classes in the Phylum Cnidaria was approximately 6.8- 
15%, which is comparable to those values found among classes of echinoderms (6.0- 
12.2%) (Wada & Satoh 1994). The divergence among the orders within the hexacorals 
(1.5-8.1%) was similar to the divergence found between the octocorallian orders 
Pennatulacea and Alcyonacea (1.3-9.2%), and between the Helioporacea and the 
Alcyonacea (0.34-8.15%). The divergence within genera was approximately equivalent for 
hexacorals (0.5-1.07%) and octocorals (0.6-1.6%), although it was greater than that found 
in the bivalve mollusk Mytilus (0.1-0.6%) (Kenchington et al. 1995). 
151 
Fig. 4 	 The resulting likelihood tree when the dimorphic species are 
constrained to a single clade (-Ln likelihood = 11153.843). 
The topology of this tree is not significantly less likely than 
the most likely tree (KH Test, P<0.05). The species Telestula 
sp., Erythropodium caribaeorum, Junceella racemosa and 
Junceella sp. can be placed at positions 1, 2 or 3 without a 
significant reduction in the likelihood of the tree (KH Test, 
P<0.05). The seven species in black at the base of the tree are 
the outgroups. 
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Table 3 	 Genetic divergences measured from nuclear 18S rDNA. 
Values represent raw p -distances and maximum likelihood-
corrected distances. Estimates were made from the aligned, 
edited data set. 
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The divergence between suborders within the Hexacorallia (0.4-4.5%) was similar 
to the divergence among suborders within the Pennatulacea (1.6-5.1%), exclusive of 
Umbellula sp. which did not branch with the other Pennatulacea. The inclusion of 
Umbellula raised the upper bound of divergence from 5.1% to 9.2% between suborders. 
This level of divergence was much lower than that found between suborders of decapod 
crustaceans (11-12.9%) (Kim & Abele 1990). The genetic divergence among the 
remaining suborders was more difficult to interpret for the Octocorallia, because the 
members of many suborders were mixed within each clade in my most likely trees (Fig. 3). 
Therefore I measured the divergence between and within the three major clades from our 
ML analyses. The divergence between the octocorallian clades ranged from 2.5-9.9%. 
Within clades, the divergence ranged from 0.4-8.4% in Clade A, 0.9-6.5% in Clade B, and 
0.0-5.8% in Clade C. The divergence in Clade A was roughly equivalent to the ordinal-
level divergence within the Hexacorallia, but the divergence within clades B and C was 
closer to the subordinal-level divergence within the hexacorals and Pennatulacea. The 
within-family divergence of the octocorals (0.4-7.6%) was much higher than that within 
the hexacorals (0.4-2.6%) as well as those found in Mytilidae (2.7-4.5%) (Kenchington et 
al. 1995). 
Discussion 
Phylogenetic analyses of nuclear 18S sequences from Octocorallia do not support 
either the historical or the current classification system. The phylogenetic clades evident 
within the Subclass Octocorallia did not correspond to the morphologically defined orders 
or suborders (Fig. 3). The clades present were similar, however, to the associations found 
by France et al. (1996) using partial mt 16S rDNA (Fig. 5A). Mitochondrial 16S sequence 
information also distinguished three groups, with a pennatulacean as the basal branch 
(corresponding to my Clade B), an undifferentiated clade containing species found in my 
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Fig. 5 	 Previous molecular phylogenetic studies examining 
relationships within the Octocorallia. Numbers at nodes 
represent bootstrap values. 
A) From France et al. (1996), based on mitochondrial 16S 
rDNA 
B ) From Song and Won (1997), based on nuclear 18S rDNA 
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Clade C, and a further unresolved clade of some of the same species found in my Clade A. 
A previous study using partial 18S rRNA sequences (Song & Won 1997) also found the 
one pennatulacean species branching first within the Octocorallia, but only had four other 
species representing the remaining octocorals (Fig. 5B). All four of those species 
corresponded to families within my Clade C. 
The morphologically well-defined groups within the Octocorallia (Pennatulacea and 
Helioporacea) did not form monophyletic clades based on 18S sequence information. The 
pennatulacean species in this analysis formed a monophyletic group, with the exception of 
the genus Umbellula which fell in Clade A. Four non-pennatulacean species branched at 
the base of the pennatulacean clade. I could not verify the putative ancestral position of the 
Pennatulacea within the Octocorallia because the branching order of the three clades could 
not be established with these data. The helioporacean species Heliopora was found in 
Clade C and was not separate from the other octocorals, but this may be a result of using an 
incomplete sequence in the analyses. The 'restricted Holaxonia,' the final group of species 
considered by Bayer (1981) to be distinct, also failed to form a unified phylogenetic group. 
Members of those four families (Ifalukellidae, Chrysogorgiidae, Primnoidae, and 
Ellisellidae) could be found in all three clades. 
Morphological taxonomy does not predict that the genus Umbellula would be more 
closely allied with Anthomastus, Paragorgia, and CoraIlium rather than the other 
Pennatulacea, given the characteristic morphology of the pennatulaceans. Umbellula is 
unique among the Pennatulacea, however, in that all of its autozooids form a cluster at the 
end of its rachis (Hickson 1930). Morphologically, Umbellula does have similarities to 
the alcyonacean species Anthomastus with which is it associated. Anthomastus is 
dimorphic, as are CoraIlium and Paragorgia (also within that subclade). Anthomastus 
possesses several large autozooids and many small siphonozooids, forming a distinct body 
at the top of a stalk devoid of polyps (Bayer 1993a). Both Umbellula and Anthomastus 
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have very large polyps. This resemblance is primarily superficial, however, and further 
investigation concerning morphological similarities between Umbellula and Anthomastus 
are necessary. 
The unusual genus Dendrobrachia was clearly associated with the species of 
Corailium and Paragorgia included in these analyses. Opresko and Bayer (1991) 
concluded that Dendrobrachia was more closely related to the Family Chrysogorgiidae, 
based on its resemblance to the two chrysogorgiid species Trichogorgia lyra and 
Malacogorgia (=Trichogorgia) capensis. Dendrobrachia has a solid, chitinous axis devoid 
of calcium, and no free sclerites. Malacogorgia capensis has an identical, chitinous axis, 
and the axis of Trichogorgia lyra is similar but contains calcium deposits. Both 
Trichogorgia lyra and Malacogorgia capensis lack free sclerites, making them the only 
species of Scleraxonia or Holaxonia for which this is true (Opresko & Bayer 1991). The 
representative of the Family Chrysogorgiidae in this analysis (Chrysogorgia chryseis) 
branched within Clade A, as did Dendrobrachia, but Dendrobrachia could not be forced to 
branch with Chrysogorgia or its sister taxa without reducing the likelihood of the tree 
significantly (KH Test, P>0.05). 
The morphological similarities of Dendrobrachia to CoraIlium and Paragorgia are 
not clear. Although the axis of CoraIlium is solid, as in Dendrobrachia, it is entirely 
calcareous (Bayer 1964). The axis of Paragorgia contains chitin as well as calcium, but its 
central core is hollow (Bayer 1993b). There are no clear morphological connections 
between Dendrobrachia and CoraIlium. 
There is also morphological evidence for the association of the genera Anthomastus 
and Paragorgia as found from 18S data (Fig. 3). Broch and Horridge (1957) proposed 
uniting the two genera within the Family Paragorgiidae. Both genera are dimorphic, and 
they share similar forms of sclerites. Broch and Horridge asserted that Anthomastus 
differed from Paragorgia only in the lack of chitin in its central axis, a character they felt to 
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be less important than the similarity in polyp and sclerite morphology. Bayer (1993a) 
dismissed the importance of sclerite similarity, however, noting that the particular form of 
sclerite the two genera share is fairly common among alcyonaceans. 
The morphological similarities between Corailium and Paragorgia are numerous. 
Paragorgia was historically considered to be in the order Alcyonacea (now the Suborder 
Alcyoniina), but was later placed in the Suborder Scleraxonia (Bayer 1973). Their axial 
structures differ slightly. The axis of Corailium is solid and exclusively calcareous, 
whereas the axis of Paragorgia is chambered and contains both calcium and chitin. The 
growth form and sclerite structure of CoraIlium and Paragorgia, however, are virtually 
identical. CoraIlium and Paragorgia are the only genera within the Suborder Scleraxonia 
exhibiting colony dimorphism (Bayer 1964). The close phylogenetic association of the two 
genera is also indicated from mt 16S rDNA analyses (Fig. 5) (France et al. 1996). 
The importance of skeletal structures has been implicit in the creation of the current 
morphological taxonomy, specifically the subordinal divisions (historically ordinal 
divisions). The appearance of members of all suborders in most of the clades in my trees 
suggests that skeletal structure may not be the primary character indicative of evolutionary 
patterns. 
One character that did correspond roughly to the observed branching pattern was 
the presence or absence of dimorphism in colony morphology. Dimorphism occurs in all 
species of the Pennatulacea, as well as several species in the Family Alcyoniidae (Suborder 
Alcyoniina), and the two families Coralliidae and Paragorgiidae (Suborder Scleraxonia). 
The members of the Suborder Holaxonia are exclusively monomorphic, as are the members 
of the Protoalcyonacea and the Stolonifera. The Order Helioporacea is also monomorphic 
(Bayer 1973). There were two small clades of dimorphic species from my data: Clade B 
contained the majority of the Pennatulacea, and half of Clade A contained the remaining 
pennatulacean and the other dimorphic species in this analysis (Fig. 3). The taxa at the 
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base of the pennatulacean clade (B) were monomorphic, but could be moved to clades A or 
C without reducing the likelihood of the tree significantly. All of the species included in 
our study from the Suborder Alcyoniina are monomorphic and fell in Clade C, with the 
exception of Anthomastus which is dimorphic and branched with the dimorphic species in 
Clade A. The correlation between the phylogenetic groupings I found within the Order 
Octocorallia and monomorphism vs. dimorphism is striking. 
The morphological similarities among the dimorphic species are so few, however, 
that it would seem likely that dimorphism arose multiple times within the Octocorallia. 
Morphologically, it is difficult to imagine a single common ancestor for all of the dimorphic 
species. The monophyly of dimorphism can be forced topologically, however (Fig. 4), 
without resulting in a significantly lower likelihood for the overall tree (KH Test, P<0.05). 
Dimorphism may be a functional constraint, however, based on colony structure rather than 
common ancestry. The branched, lobate, and massive octocorals are all dimorphic, which 
suggests that dimorphism arose in response to the need for transporting water more 
efficiently through a large structure (Bayer 1973). My analyses cannot reject either the 
monophyly or the polyphyly of the dimorphic character. 
The one clear exception to the pattern of dimorphism found in our trees was the 
genus Dendrobrachia, which is entirely monomorphic, yet clustered tightly with the 
dimorphic genera Corallium and Paragorgia. The simplest way to explain the association is 
to assume the dimorphism trait was lost during Dendrobrachia' s evolution, although more 
evidence is needed to support such a conjecture. 
The morphological characters used to derive the current classification system do not 
appear to be reflected in the genetic associations I have found. The relative importance of 
several of these characters to the evolutionary history of the octocorals needs to be re-
examined. The nuclear 18S rDNA gene, however, may not be appropriate for these 
particular analyses. Although the 18S gene has been used to elucidate phylogenetic 
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relationships at the taxonomic levels of order and suborder in previous studies of other 
invertebrate taxa, the level of divergence 18S rDNA exhibited in the present study did not 
allow me to distinguish definitive phylogenetic relationships within the Subclass 
Octocorallia. Analyses of 18S rDNA sequences could not distinguish relationships within 
a large subset of species within this subclass, those species branching in Clade C of our 
analyses (Fig. 3). The high level of divergence found within families may reflect incorrect 
familial designations within the octocorals. Indeed, Bayer (Bayer 1956) comments that 
several genera are incorrectly included in existing families, and that these relationships need 
to be reassessed in many cases. There were distinct phylogenetic groups indicated by 18S 
sequence information, corresponding to the three clades we found, but relationships within 
those clades remains equivocal. Sequences from a different gene, exhibiting higher levels 
of divergence, may be necessary to delineate relationships beyond those found in this 
study. 
Conclusions 
This study has shown that the traditional, morphological taxonomy of the Subclass 
Octocorallia is not reflected in phylogenetic structure as indicated from 18S rRNA sequence 
information. Three phylogenetically distinct clades were evident, but they do not 
correspond to current subordinal divisions. Nuclear 18S rDNA sequence information did 
indicate some genetic structure within the Octocorallia, particularly in Clade A (Fig. 3). 
The largest clade (Clade C) contained nearly half of the species used in these analyses, but 
the phylogenetic signal was so low that the relationships within this clade could not be 
determined from these sequence data. A similar clade was also present in an earlier 
analysis using mt 16S rDNA (France et al. 1996), which may indicate this is a ribosomal-
specific pattern. More likely, however, the branching similarity resulting from the two 
independent data sets suggests that low levels of divergence are truly reflective of the 
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evolutionary history of these species. These low levels of divergence are suggestive of a 
rapid radiation in the evolutionary history of these taxa. The morphological continuum 
present within the Octocorallia and the lack of an extensive fossil record, however, make it 
very difficult to substantiate such an hypothesis using these characters. 
The two morphologically well-established orders, the Pennatulaca and the 
Helioporacea, did not constitute entirely distinct genetic entities in these analyses. The 
majority of the pennatulaceans in this study were grouped together in a monophyletic clade, 
but the genus Umbellula was phylogenetically distinct from the other members of its order. 
The level of divergence between Heliopora and the remaining Octocorallia was similar to 
the divergence between the Pennatulacea and the Alcyonacea, but Heliopora clustered 
tightly within the undifferentiated Clade C (Table 3). This close association suggests that 
the Helioporacea are not highly differentiated from the Alcyonacea, although additional 
specimens and complete sequences from the Helioporacea may be necessary to confirm this 
hypothesis. Additional specimens from the Pennatulacea and Umbellula would be essential 
for confirming or refuting the genetic divergence of Umbellula from the otherwise 
monophyletic Pennatulacea. 
The morphological characters of axial composition, sclerite form and arrangement, 
and general colony configuration are the primary characters that have been used to create 
the ordinal and subordinal groupings within the Subclass Octocorallia. There was very 
little correlation between those characters and the phylogenetic groups indicated with 18S 
sequence information. The character of monomorphism vs. dimorphism appeared 
relatively consistent in the trees I have produced, as all of the dimorphic species in this 
analysis clustered in two clades. The placement of the monomorphic genus Dendrobrachia 
was the one exception to the unity of the dimorphism character. Dendrobrachia branched 
very closely to the genera Paragorgia and CoraIlium, both of which are dimorphic. The 
axial morphology of Dendrobrachia and its lack of sclerites suggest a closer affinity with 
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the family Chrysogorgiidae, which was not supported from these analyses. Further 
morphological study and sequence information from additional genes will be necessary to 
clarify the phylogenetic relationship of Dendrobrachia to the other octocorals. 
This study constitutes a broad-scale survey of genetic differentiation of nuclear 18S 
rDNA sequences across the entire subclass, representing the majority of the morphological 
diversity present in the subclass. The morphological characters that have been used to 
devise the traditional taxonomy of the octocorals,do not correspond to the phylogenetic 
divisions reflected in genetic sequence information. The phylogenetic structure that was 
present indicated a well-supported clade primarily containing the dimorphic Scleraxonia, 
and a large undifferentiated clade containing half of the species from these analyses. The 
majority of the pennatulaceans formed a monophyletic group, with the exception of 
Umbellula. The remaining species fell into weakly-supported clades that could be moved 
without reducing the likelihood of the tree significantly. This branching pattern was upheld 
by analyses of mt 16S rDNA, which constitutes a second independent molecular character. 
The importance of the morphological characters used to create the traditional taxonomies 
may need to be reassessed as they relate to the evolution of these species. Additional 
characters will be required, either morphological characters or sequences from additional 
genomic regions, to further clarify the evolutionary progression of the Subclass 
Octocorallia. 
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Summary 
The goal of this thesis project was to build a more complete molecular phylogeny of 
the Class Anthozoa than currently exists, based on the nuclear 18S rRNA gene. I 
addressed four primary questions concerning the phylogenetic divisions within the 
Anthozoa. In Chapter 3, I examined the subclass divisions within the Anthozoa, 
specifically to address the evolutionary relevance of the Subclass Ceriantipatharia. The 
orders Ceriantharia and Antipatharia were originally classified in the Subclass Hexacorallia, 
but were subsequently assigned to their own subclass. Previous molecular studies had 
suggested that the orders Ceriantharia and Antipatharia are genetically disparate, but the 
taxonomic sampling in those studies was insufficient to determine the precise affinities of 
the two orders relative to the remaining Anthozoa. 
My analyses showed the orders within the Subclass Ceriantipatharia (Antipatharia 
and Ceriantharia) to be genetically dissimilar. Therefore, this subclass does not represent 
an evolutionarily relevant grouping. The Antipatharia were most closely related to the 
Zoanthidea (Subclass Hexacorallia), and the Ceriantharia appeared to be ancestral to the 
Hexacorallia. The exact phylogenetic position of the Ceriantharia, however, could not be 
determined with these sequence data. 
I also examined the ordinal divisions within the Hexacorallia and the 
Ceriantipatharia in Chapter 3, to determine if the morphologically derived divisions are 
monophyletic or polyphyletic. The Order Scleractinia was monophyletic based on previous 
studies of both nuclear 18S rDNA and 28S rDNA, but polyphyletic based on mitochondrial 
16S rDNA. The Order Actiniaria appeared to be monophyletic based on mt 16S rDNA, but 
was polyphyletic from the 18S and 28S studies. The 28S rDNA sequence information 
suggested the Order Corallimorpharia is also polyphyletic. 
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The Subclass Octocorallia and the hexacorallian orders Antipatharia, Zoanthidea and 
Actiniaria were each monophyletic based on my 18S sequence analyses. The Scleractinia 
and Corallimorpharia appeared to be polyphyletic and were closely associated with each 
other, but their exact relationship could not be determined reliably with these data. These 
data also could not be used to distinguish the branching hierarchy for the orders within the 
Hexacorallia. 
Chapter 4 addressed the phylogenetic divisions within the Subclass Octocorallia. 
Traditional taxonomy was based on very few morphological characters, and the 
evolutionary significance of any given character is unclear. The traditional taxonomic 
system divided the subclass into seven orders. Recent taxonomic revisions retained two of 
the orders (Helioporacea and Pennatulacea) but combined the remaining species into a 
single order (Alcyonacea) with five subordinal divisions. Mitochondrial 16S rDNA 
suggested that neither the historical ordinal-level nor the current subordinal-level divisions 
correspond with the genetic structure of the subclass. I included a more thorough 
taxonomic sampling in the present study, in order to produce a more complete picture of the 
phylogenetic structure present within the subclass. 
Several specimens for this chapter were alcohol-preserved, acquired from museum 
collections. I have described the molecular methods I used for determining sequences from 
these specimens in Chapter 2. Much of the DNA from these specimens was degraded, and 
standard PCR amplifications were usually unsuccessful. Using an extended DNA 
extraction protocol combined with PCR reamplifications using taxon-specific primers, 
sequences of length 700-1800 bp were determined from specimens that had been preserved 
up to fifty years. 
My phylogenetic analyses indicated that the morphologically distinct groups within 
the Subclass Octocorallia do not constitute phylogenetically distinct entities. Three 
phylogenetic clades were present within the subclass, none of which corresponded to the 
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traditional morphologically based divisions. The Pennatulacea were primarily 
monophyletic, but the pennatulacean genus Umbellula branched with the dimorphic 
alcyonaceans. The Helioporacea did not appear to be phylogenetically dissimilar from 
species of the Order Alcyonacea. The morphological character of colonial dimorphism was 
loosely correlated with phylogenetic structure, but this association was not well-supported. 
Nearly half of the species in this study, including representatives from all five suborders of 
the Alcyonacea, clustered together in a large, undifferentiated clade. The low levels of 
genetic divergence within this clade suggest a rapid radiation of species occurred at some 
point in the evolutionary history of the Anthozoa. 
Chapters 3 and 4 include an examination of the phylogenetic affinities of two 
species with enigmatic morphologies, Dactylanthus antarcticus (representing the Order 
Ptychodactiaria) and Dendrobrachia paucispina. The Ptychodactiaria were originally 
classified as members of the Order Actiniaria (the anemones), although their musculature, 
nematocysts and mesenterial structure differ from the Actiniaria. In 1949, separate ordinal 
distinction for the Ptychodactiaria was established with the argument that the 
Ptychodactiaria represent a separate evolutionary line. In my sequence analyses, 
Dactylanthus branched within the Actiniaria, most closely with the Tribe Athenaria. The 
close association of Dactylanthus with the Athenaria suggested that the ordinal-level 
distinction of the Ptychodactiaria was phylogenetically unwarranted. 
Dendrobrachia paucispina was originally classified with the Order Antipatharia (the 
black corals) based on its axial morphology, but was recognized at the time as anomalous 
compared to the other antipatharians. Subsequent examinations of the polyp morphology 
suggested Dendrobrachia was more closely related to the chrysogorgiid octocorals 
(Alcyonacea: Holaxonia). Based on my 18S sequence analyses, Dendrobrachia was 
closely affiliated with the Octocorallia. The affinity of Dendrobrachia with the Octocorallia 
rather than the Antipatharia suggests that polyp morphology, not axial morphology, is more 
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indicative of the evolutionary ancestry of this group. Dendrobrachia fell within the clade 
containing the Family Chrysogorgiidae, but was actually more closely related to species of 
CoraMuni and Paragorgia. Morphological characters that support this association are 
unclear. 
This thesis project represents the most comprehensive molecular phylogenetic 
analysis of the Class Anthozoa to date. Complete sequences from the nuclear 18S rRNA 
gene were determined from 58 species, representing all extant orders of the subclasses 
Hexacorallia, Octocorallia and Ceriantipatharia, and 22 of the 30 families within the 
Alcyonacea (Subclass Octocorallia). Sequences from 19 species in GenBank were also 
included in the analyses. Previous molecular studies have addressed phylogenetic 
relationships within the Class Anthozoa, but they all used limited taxonomic sampling and 
relatively simple methods of analyses. The more thorough taxonomic sampling of this 
project helped further clarify a number of the relationships examined in other studies. The 
use of maximum likelihood techniques and realistic evolutionary models for the analyses of 
these sequence data yielded results that could be compared statistically to alternate 
hypotheses suggested in other studies. 
This characterization of phylogenetic relationships gives us a greater understanding 
of the evolutionary progression within the Class Anthozoa. The simple morphologies of 
the species in this group make it difficult to establish taxonomic divisions based solely on 
morphological characters. As a result, the traditional taxonomy of this group often depicted 
'categories' of species based on similar convergent morphologies rather than evolutionarily 
relevant associations. This project helped illuminate the morphological characters that may 
have greater significance in retracing the evolution of the Anthozoa. Anthozoans are 
significant members of nearly all marine environments, and a better understanding of their 
evolutionary associations and their diversity will help us better manage these important 
biological resources. 
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Future Directions 
This thesis project included complete 18S rDNA sequences from a very thorough 
representation of the species within the Class Anthozoa, and used relevant evolutionary 
models to analyze them. Although these analyses could clearly demonstrate some aspects 
of the phylogenetic associations within the Anthozoa, a number of relationships could not 
be determined from these sequence data. The nuclear 18S gene had sufficient phylogenetic 
signal to establish the primary divisions within the class, but could not resolve many of the 
associations among those divisions. Although the Ceriantharia were clearly divergent from 
the remaining Anthozoa based on these 18S sequences, their precise phylogenetic position 
remains equivocal. Similarly, the relationship between the orders Corallimorpharia and 
Scleractinia could not be clearly established with 18S information. Sequence information 
from additional taxa and different genomic regions will be necessary to further clarify these 
relationships. 
There is grandeur in this view of life, with its several powers, 
having been originally breathed into a few forms or into one; 
and that, whilst this planet has gone cycling on 
according to the fixed law of gravity, from so simple a beginning 
endless forms most beautiful and most wonderful 
have been, and are being, evolved. 
--Charles Darwin 
The Origin of Species  
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Appendix 1 Full alignment of 18S rDNA sequences for Chapter 3, shown 
in NEXUS format for PAUP*. 
	 Positions removed for 
analyses: 
1-48, 
	 63, 	 107-113, 	 136, 
	 171-184, 
	 214-233, 
	 242-264, 
299-308, 318, 400, 528-529, 533, 537, 566, 572, 718-724, 
782-785, 789, 835437, 913, 948-949, 1314, 1443-1455, 
1483-1484, 1578-1581, 1774-1816, 1829-1887. 
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Appendix 2 Full alignment of 18S rDNA sequences for Chapter 4, shown 
in NEXUS format for PAUP*. Positions removed for 
analyses: 
189-197, 253, 372, 472-474, 501-502, 509, 597, 762-767, 
813, 830-833, 839, 1039, 1362-1380, 1524, 1680-1737, 
1756-1805. 
202 
ZZZZZZZZZZ2ZZZZZZZZZ5ZZZZZZZZZZ5ZZZZZZZZZZZZZZZZZZZZZ O Z 
gg§gg§§§§§.'gg§§g 
	 §§gg 	 g§§§;'§i3'3§§g 	 §C4g§§'§§g§'3'gi;'§g§ 
	 g'?.(' 
	
CD 0 0 f D 0 0 f D 0. 0 ID ID 0 ID ID f 0 0 f D 0 0 0 (D 0 (D (1) 0 0 CD 0 0 CD M a, 0 CD a) 0 CD CD CD CD 0 0 rD (D 0 0 0 M (D 0 0 0 (D 
	 ff. C 
• • 	 • 	 • 	 •• • 	 • 	 • 	 • 	 • 	 . fa 
-3 
.3 ,3 ,3 lf) Z DI CO 0 01 X ti M 0 C.1 0 Z 0 tO .3 	 01 	 01 0 X 0 0 > 0 < V) Mt 0 r) > co r go ,-.3 go Z a. go tO .3 9' 01 X 0 C. Z X 
	
,..., n, ,1 ,1 0 7 0 (D (D . ID C n1 0 0 0 CO . 11 0 0 C 0 0 PJ (DrDI .0,000.07'00CN(1071102.00 3,001.0 	 I 
	
rr , 1,....< 0 ,-1 r a a r a,< co a ,... . 17 I-.. . 0 7 0 0 1- 7 5 X. 0 .- .1 ,.0 X N la 0 N 0 N tr 0 11 or 0 1-, , 0 .1 V 0 0 ,I II rt, 
	 0 
, a 03 00 5 0 11, 11 3 I- 0 r. . 0 0 , 7 0, ill 7 , 7 . I. , n , ..0 0 40 . , 0 •C 7 1< 7 1. , rr (D 7 cr I-. 0, 0 I1, rt, r, , rD 3 3 
	
1-, 7 (0 7 , f D 0 11 . 0 CD 7 0 CD 1'. (1. 0 11 0 0 0 0 CD 0 0 (V 0 0 0 0 0 1. 1. 0 Cr DI 0 11:1 0 0 . 0 0 0 11 r, 3 1,.. 0 0, . 0 0 	 I 
. 0 Q. DJ 0 	
. 0 ,0 0 ID N O CD al ID 	 0 r r R (D 0 X 0 
	
. 0 0 ct I-• IT I-• )... 1- n 7" 0 10 0 0 0, . 3 0 0 0 7 0 1-, 3 , n-. 0 7 	 ; DJ 0 SD 	 '0 	 7 NI 0 Na . 0 0 t,./ 0 . 0 C C 7" 0 0 0 0 
	 , 7" , 1-.. 13 C 0 , DJ 0 LO 0 N N CD DJ D3 0 (D 0 0 N Z , VI 0 7' , 
•-• . 	 0 	 0 	 N 	 .--, 'CI N 	 "I . 33 3 . CD 	 n••• C 0 	 0 1-1, . N . 	 C 11 0 0 N fat 0 7 tr Ca I- . 	 33 , . co IA. 7 1... CO 
	 0. 0 . 
	 , 	 '0 	 0:1 	 0 0 ,t2 	 .C2 0, 0 	 0 . 	 . 11 1.1 	 0 , DJ 	 3 , r, 11 LC/ , 	 0, 0 r, ,-. . 	 0 0 0 , 0 C , 0 
	 ID X 0 	 DI 	 0 	 , 	 ..1 0, , 	 , 	 el 	 01 	 0 10 .11 	 DI 0 	 0 49 . 0 , 0 
	 M£C00 
	 MCD 	 DI 	 0 01 	 (; 
	
. 	 0 	 . 0 
	 0 	 Ct 	 5 0 r• 	 R 	 , i 	 - 1- DJ 	 0 	 In 3 0 	 1.17 1.... 7 0 
	
§ 	 '' 	 4 	
na 	 § 11., 	
'I;" '''' 	 0 
, 
cr 1-. 
CD 
..... 0 0 0 0 0 rrrrrrrrrrrrrrrrrrr rrr r 1-1 rrrrrrrrrrrrrrrrrrrrrrrr fD fD 0 0 CD CD 0 (D al ID CD CD 0 0 CD 0 0 0 0 0 (D 0 0 0 rD (D 0 CD 0 0 (D 0 (D CD CO ID 0 ID 0 fD ID ID (D (D ID ID (D 19 ID ID ID 19 a, 
000 X 0Z Z077773007777000 X X 777 0 Z Z000 X77077 X X 0700 X 
	 7P Z 
. 1-, . . 1. . . . 1. 1. 1. 1. . 1. 1. 1. 1. 1. 1. 1. 1. 1. . /. 1. . 1. I. 1. 1. 1. . . . 1. . 1. . 1. 1. 1. 1. 1. 1. I. . . I. . .k I. Ft Itt, CO CO CO CO CO CO CO CO CO CO CO CO at CO CO CO CO CO CO CO CO CO CO CO OD CO CO 0 CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO 0 0 OD 
000000000000000000000000000000000 0000000000000000000o o o o o u., tx, v. o o o ul to ,..n v. o vi o o o VI 0 0 0 0 0 VI VI 0 0 0 0 0 0 0 0 0 0 0 VI VI Ul 0 VI VI 0 0 0 0 0 0 N VI VI 
nonclononnonon000ncloonflonocinclonflonotlonnononnonclonclon 
7 7 7 7 7 7 7 71 7 7 7 7 7 71 7 7 7 7 7 7 7 a- a- a* = a• a' a' a' a' a - a- a• a- a* a.* 	 7 7 7 7 7 7 7 7 7 o 	 a> 0 (D 	 0 (0 CD al 0 0 CD 	 (D CD CD 0 0 (D ft a) CD (D 
	 0 0 	 (D 	 CD 	 (D CD (D (D CD 	 CD (D 0 CD 0 0 a> of (D fD 
	 0 CD 0 00000000000000000000000000000000000000000000000(100000 
X X' X' X' X' X X X' X' 13. X' X X X X X X' X" X' X' X' X' X X X X' X' X X' X' X' X' X' X X X X X" XXX XXX XXX XXXX X' X' 
	
tO 01 	 cn 	 I-, 	 F' •+1 0 at 0 
	 n 	 tn co 	 t0 0 to Ln 	 1-• 	 -4 	 oo 	
-1 CI DJ 	 W 	 a 01 Do k..n 01 to . 	 111 	 ‘,0 	 OD Af.• 
	 1:1 	 o 0 0 	 . 	 VI CO 	 0 . a, co N 	 Isa 	 W (.3 	 (.3 03 tv to 
	 0f, 131 	 k0 0 0 1.4 
	 0 on 	 b co el 1.4 	 C71 	 t.Ct ..+1 0 A CC ON CO CO ON 0 	 0 n.1 	 ‘0 0 0 	 . 	 ID 0 OD CO ,0 V, Ft fri 17 	 to 0 t. 
	
W Of Co CD VI 
	 II/1 0 CO C) io 	 al. tn ON CO CO b 0 I-. CO ON CIO 0 .71 ON 	 ,17 0 tO .s1 0 0 O. 1.O. CO CO 0 ola ob. 
	 0 0 0 0 0 1, CI ‘,1 	 1...1 41 0 l0 11, ON 
	 CO 0 0 CO 0 	 0 ON -4 1./ 	 17 CIO 	 CO C) 	 -I 	 CO 	 go n-• to 1.4 1;1 to 1:1 r) co CO n••n 0 0 CO go VI to tO .1 b. r) 	 bi t.1 0 	 o 	 0 	 to o o co 01 	 Oo 00 0 . 	 to 00 o 
	 u, 0 D./ 0 0 0' DO 
	 M 	 ta 	 . 1. 0 to Cr, ,3 
	 01 0 
	 0 0 0 v3 03 111 	 M va LO 	 Ch C) 	 LO 	 n-n toI 	 o 	 Lo 	 na 0 0 L, 	 W 	 3, ,o. 	 o 	 Lo 	 to to 
	
M 01 	 1-, al. 	 0 	 0 3" 	 0 0 	 10 0 0 ...I 	 CO 	 O 	 va co an ta 	 va .1.1 0 .1 .1 O. 	 io to O1 kr, 
203 
CO 0 	 2 2 g 0 53 8 8 	 r 	 13 8 2 	 9 	 2 8 	 2, 8 CD 	 C) G 
	 7 .< 0 Ca 0, 0.• '0 0 
	 rr 	 7. TS r 	 I'D I () 	 .1 +.0 7C, 0 0 0 0 "GI ri 0 0 ri rr 0 
	 9 0 0 	 rt .1 0 3 	 0. GI 000)003 
	 00 a CoOrr0.000.7,07- 07. P. 	 3X- K00r CDC.<7 .1. 07",0.0 0.700 R0.0330.13, rr 	 M CI 0. DO 	 0 0. r 	 V 0 7 0. rt 0 1. 0000 +1++ 
	 >D 	 0. 0 'CI 	 7 r 	 (CCC 0 GI 0. 0 r 0 0 0 0. rr a 0. 0 0, r 0 003 DO C.0 0, !.< 0 co 0-010 0. (D 1100000 .1 rr rr 0. 11 X 0 GI CD 00CC n-n rr 0C r 7' 0 .+7 0 "0 Cl 0. 
	 7 0 0- 	 3 0- 	 rr (C CC C. 7 
-0) 0 0) 71 +1 7 +.1 0 0 r 0 0 ID 0 r 0 CD 0 7" 0 Cr CD GI 
	 1, 
 0 0. 0. DD 0 r 0. 0 0 GI 0 .1 0 0 0 A+ rr CD +I 0 .1 0 H. 0 CD 7" 0. 0. rr 0 0 r 7' 0 0 0 0 ri 
	 1-• 1:1 .1 0 0t 10,7 0 r CD .9 	 G 0 , 	 7' 	 r 	 r 0, 	 ri '0 0 .1 .0 rt 7 tf 
	 0. 0" 0 GI 
	 r 	 0. 	 0. A+ X 	 , 0 0. 	 0. CD 	 n) 	 n) Du 0 IQ 	 +0 0 0 a 0 r 	 rt 0 0 0 r 3 
	 0 0 3 	 rr 0 +.0 0. 0 0, 0 rr 
	 r 0+ 0 0 	 01 0 0. 0 
	 00 CC  
nnnannxnnnnnonnonnoonnnnonnnonnnonnonnnonnnonnonnon i17 0 
0 0 0 0 0 0 0 0 X 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CD X 
CD 
	
F3' 543 4444R 0 E1444;'.44444 
	 44.444R4414.4R4=q3 4R44RR4444.4P,'50-3 CR44 0005E00iggggigglgggggglggEgggg›Q..giiggEFIgglgEREggg F r; , 
..-)0,-)„..,,,,,,,,,,,,,,,,,„„Q„..-,nr.,onnonnorlononnonnoonnon con 8 ,= 8 8 8 8 ?- 8' 8 8 8 8 8 8 8 8 8 8 8' 8 8 8 8 8 c8 8 8 8 8 8 8 8 8 8 8 8 8' 8 8 8 8 8 8 8 ,8 8 8 
21 1 1 3 3 11011111111811111111111111118111111111111111111 2%* 
" 
	
11111 111111111111111111 
	 0-• 0 
	 H 932 ,`-'3 ,932.922 ,932 9322 93 ,932 93932 ,938228932939393293893939393889393,939393939393 
ononnnno nononnnnnnononnnonnonnnnnnonnnnnonnnoonnnonn CD 21222822 22282222222222222222222222222222222222222222 5' 
22222222 22222222222222222222222222222222222222222888 
555555555555555555555555555555555E 
nnononnn nnonnonnnnnnonnnonnonnonnonnonnnnonnnnoonnnn 
22222222 22222822222222222222222222282222222221222222 7 
nonnonno nonnonnonnonnonnonnononnnonnnonnc-)nnnnnnonnno 00000000 00000000000000000 
 
8888888818888888888888888888888888888888888888828882,8 0o0nonnn onnnonnnnonnnnnnonnonnonnnnononnnnonnoon r) r) C) 28888882 88888882888828822888812888882188888 .9 88288828 
11111111011111111111111111111111111111111111311111111 
5555555555555555555555555555555 82888888 22288828228828888828888828828888288888822888 8 8 8 8 8 
 
0 
 3885',8818 88828888288822888288828882882288288888288882 00000000x000›00000 000000900000090000000000000009,00000 
111 42 ,111'61111111111111111111111111111111111111111111 
- 
.,552gggg gggg 
Di 5,', 2 ,2,, r,2! .6
• 
	 g 	 PARRP,PAVRRRXR2..,„,,s5qRRVAR,,1:,-MRCAR',4)1;1,1RRR:z! 
. 	 (2) 	 20 ..,,, 22 nn 8 L922 „3205,,,,,00,-, 2 ,,,,(2)0 22 0 I 0 2222 , nnnno 
20, 1g, .53, 
	 5 0 5 5.3 0 ;2 52 	 0 0 	 5.3 52 	 1 	 .52 	 ;2 ;2 	 5.3 .52 5:2 ;2 0, g2r35,3 
00000000 onnonnonnnonnonnonnonnononnonnnonnonnonnonnn 4 1 4 	 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 0 0 	 8 0 0 0 0 0 0 0 0 0 0 nonnonnnonn (1(10000000 npnnonnopppc„) 
2g22g
• 
 gggggggggggggggg 00000 00 0000000000000000110011110110,11111111/000 
nonnon
 
cnnnnonnnonnonnnnononnonnnonnnonnonnoonnnnonn 
82222222022222222222222222222222222222222222222222222 
22 
n'311111in1.03.1Ilgi"31331.3I1E) 10,1 ,03' UMUHE;IIrlfil : Ei1333?"38.9 
204 
00511000 r43 ,1 	 2 	 .r3 	 2 2 	 2: ol 2. 0 i:3 	 00 01 0 	 b r < tf) 	 0 0 b 0 V qf 	 fa Z b of" 01 	 b 'V COr Z=bf 
	
r0.0.-0 	 0...C1700.311D, 311 cD 	 3 fip3 on. ,iii. . ; 	 fo-; Cii1 § ,T) p, :g. fi.)., 	 .,, ,..,,. ,g. ;;..1 . ri, g RJ g. 12, ,,:: 	 CD 1 •2 .-- ot f< Pi of 0 %. os •C3 ot c 0 of n 0 . .3 Cu 11 a' c fcl of of 0 
co Z. co 0 .. t11 0 3 .. .-(0 V 0 C 1.. co 0 Pa to 0 0 0 rl, 0 >0 ..'.: 0 43 “25'S°F-' g 0 .g S' ft Vog:Igg5'.'1P,-;' '4;5:1?-12, 
',L. : IS 2 	 43 14 5' Ff' `8 5' '4, g 2 g f:1 :1', R g `j St Vg g ,2 g 11, ' g ;,. cl, 5' ' -j r-': 5: 5:' g' ,S 'fi Pt 7) (7:' 5' g '`,?, (.7, 14 g Ft ' .1 5' 5' ; .9- , 	 . o o 0 m , t , n - , 4 : 1 0 a, 0 ....a 
 
 0 0 ... ff. 0. 0 fcl No CI ni 0 0 0 co 0 Go 0 5 0 . 0 . ot of V fa . 3 G P. ID V 5 , n ol 0 1-• fa Gl. 0 n 
	 0 CI 	 0 H. 0 
AAAAAAAAAAAAAAAAAi]AAAAAAAAAAAAAAAAAAA1111AAAAAAAAAA 
ggilg gg0000ilgggiiggilggilg)1.ggrgiigggggilgilgggggilggg,gggggilgg i ni .3E3 :2 t. ;1(.-3 :2 fi n 3 1 ..c - )"" n:. 3 k-98 k- 3n 3C).  Or' !'. )3D n:. 3 n; 1 fl 1 !.)3) k- 92  N ( - )8,  3 1 n: • 3 1 :2 !.- . )3; 3n .Pd :. 3n C.': i ;!3 - 3( . ''' ' :. 3n kir fl! 1 1 kG1 - 3'v"; 1 `' 5- 3' . 3' : 1 C) - 3:); n:. 3 n; n:. 3 k-3( ..).'; 
Pc3 r3 553 555153 555555555555.5555, 55, 5, 5555555, 5, 55555553555555555 
2 2 2 2 2 2 2 2 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
nnonnnnnxnnnnonnnonnonnnnonnonnonnnonnonnnnnnonnnonnn 1 0 0 0 0 0 o o 0 0 0 0 0 0 C) Cl 0 GI 0 0 0 0 0 G) C) .3 0 0 C) 0 CI 0 CI 0 C) C) C) G) 0 0 C) 0 0 0 0 0 0 0 0 0 0 
gggggg g 
 a a a a 0 0 
	
EEE ?7,,,'' 	 g) ggg gg `0. , 
.. 0 0 0 C) C) 0 C) CI C) Co 0 0 0 C) C) G) 0 0 0 0 C) 0 0 0 G) C) _ C) G) 0 0 C) 0 0 C) 0 0 _ C) CI C) 0 (0) C) _ 
8888888?5,°n °°°° °°nnnnn° °°
88888888881188888888888288888818888881811n°° 888
r9 °°n°n 2 2 2 2 2 P (8° > 1. . ' 2 22 2 2 22 2 2 2 2 2 2 22 2 2°°°°°°°°° ° r°°° nn 2 2 2 2 2 2 2 2 2 2 : 2 2 22 2 2°°°° °° 2 2 2 22 2 2 2 2 2 2 
c?; 	 )' -') r, (') n N'' 0 N' ,, c'-', 	 c?') r) c) 	 r) ; c-', 	 'el c) r) -1'' c'; (') r'; (' ) c'-') 	 r', ‘') r') c?') 	 cz ', r, r, F, ,,; 	 c., ,==', 	 ,.., -', ,,-; 
..:;1Rp11,1;1 8 A,-,;g4 812881881853 811115381185318121888211111 A 
88888888088888888888888888888888888888888888888288888 § 3 a a 0 0 0 a a a a G) G) E 0 C) 0 0 0 0 0 8 G) 8 G) 0 0 0 GI 0 G) Q C) 0 0 0 C) C) 0 0 0 0 G) G) C) G) 0 0 0 0 CI G) C) 
88888888 8880888888808088888E88888888888888888888E888 
2> 2> 2> g >2 2> 2> 2> 2> >2 2> 2> 2> 2> 2> 2> 2> 2> 2> 2> 2> 2> 2> 2> 2> 2> 2> 2> 2> 2> 2> 2> 2> 2> 2> 2> 2> 2> 2> g 2> 2> 2> >2 2> 2> 2> 2> 2> 2> 2> 2> 
 '53 53 53 53, '4 53 ;3, (i.' 	 53 53. 53 53 53 ;3 53 53 53 Di 53 53, '', 53 53, 53 53 2, 53 53, 53 53, 53 24 53 53 ', c," 53 53 53 'D 3 53 53 53 53 53 i," 53 53 53, 53 53 
1'4 11111 	 1111111 1 1" '4 1111 4` 1111111111'.'4 1g111111 . 1111 
11111111 111 1111111111111111111111111111111111111 
,i'*.) 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 
 iiiiiiii 1111111111111111111 55551 -ill 	 iiiiii 
2-;n g 11 ' IR g c-)c) 	 n g 	 on   gg n; ;n g i g g R" ) ;r1 c)`. fin • . )` - " n'.- ' „ nn (-)n Rn ;"n r)i- ' ?" .g. , g, .,,n° Rn 21 n(9) g gn g , - ' )‘ - ' I g. 3 `;c) g ?g g nc.' 28 gn g g g g 
0 n
• 2 
 "In 2n n2 2n g gn2 g g n2 n2 n2 g 2nn 2 n2 n2 n2 2n g g g g g g n2 g n2 n2 g n2 2 :. - )5  n2 n2 n2 g 2n AA g g g 2n 8> n2 n2 n2 o2 g a 0 n > 0 a 00 0 0 0 0 0 0 0 0 0 00000000b0000000000b000b00000000000 0 0 0 0 n i 0 0 0 0 0.30000000, 000000 , 000000,-10000000000 0 0 0 0 0 0 0 noo 2 .3 .3 2 0 noononnnoonnonnnnannaot.onc_i 8nonn000nnnn000000 
8231011.32 1111111111111111121112210.312111111111111111 
Q, , 2n 08 , . . R g R > c0 n2 i ),„ g 02, 2n 20 R n2 R 2,n 2n n2 n2, R fin       ni, 1 02 3,, g E., ;...3, F.1 (i) f-,c), ,.., c,.5.3 2n n2 n2 02 nc p, FI fin Pr , nn 2, 2 2 
20 2° 2?.; 8° 8° c. 9 °9 _  2° 0> ' 08 2° 2° 80 2° 8° 8° 09 2° 2° 80 80 2° 02 8° 80 80 02 08 2° 2° 2° 8° 2° 8° 2° `I 8° 2° 80 08 02 2° 02 8° 8° 80 80 2° 2° 2° 2° 20 2° 
 00"20,,,,2xnn 0 0 ()non() fl nonnonn2nnonn2an..22onn 2 nonnonnnonn
8220R.11np88888 RRE-IERR8R2 88088888n888n0288088828T88888 
1 1 n 88R111253.1rill1118111:21211',2,818111111>53, 53812 n 	 , n O ; , O ri : 
A 	 A . 3 	 P1 	 2> 1, 	 n 	 ?"'n g c -,'” 	 r l'a''' ' ? 	 n'A g g n 	 n - )`" 	 99 1 1 9 '2? 1 	 ; ? '•C )	 ? 0 ?: c - r or" " 9>i n° s I 	 0" ' c,`" 0`"' 7C-  '5: 2, ' ": 3›. ' 9, 23: q s 	 Of ini0001i00.0000t011 1 1(0) t0100: 11000001 1 i . 1 
O b b y . 3 : 
	 1 	 ''). : ; 	 1 ?" ).. i') I' ' ; 	 ; t' I' iZ )' ' n i!). C" I' T c) 8 ; 8 : 	 : n 	 8 4 I, : 8 : 8 8 n 	 1 	 8 8 8' 8 ."3 	 ; : ; 	 1 
g 	 g.)g)g) 	 l g 	 g2g 	 g 	 1 
205 
	X 	 tn 	 .0 	 c. DI 0 	 0 Z to 	 .3 2, 	 4, tn 0 	 2,r <0 	 004,nr no 	 ,c1Z9,nota 	 9,n000rZ=2, ;:s3D1 	 p 	 (ID 	 . 	 Cno 	 20.0103 	 paw 	 ro.0., 	 0.0a'owentsPantro 	 0 25nmoo7 
.3 H H 	 CD 	 H 0 0 = 0 ‘.‹ (I1 C-I I-• H ti N H rr In (1 'U H 
	 co I 0 . n ,< 44 ni 2 2 nt ,0 n C o DI n o 1-, .3 su nt Do' 0 '0 Di Di 0 (D 0 TS (n 3 	 2 (o 5 0 n n . C 0 r• a' r- ro a. c a. . . 
	 p x- ;.< o 0 ;-; a; s 	 o ;;< s. 2, 0" r, co a' rn . 2 7 2 0 n r. 0, 5 5 
na'rD ().00G1 a..ro a.0 7 r-no 2 (n 0 a o co (1>C7 .0,0 c Dv arc no 0,0 r-o.o 0 o .n3.0 51.2 0 i:: ,il) RD' 	 2 A 5 ;9i' 2 'O" ri 8 '2 2 `2 il 2 8 2 g; ;-1. "2 2 2 g 2,' 2 2; ;:. g7 2- r: '--.". '07 2: 2 `2 A '2 2.' 5 fl '2 2 2 2; A 5 1;; t;;* o'7'; 8.; 2; 1.- 1-; ;-; 	 m o 0 0 m ,t1 1-, ,0 n 0 DI . to c . 0 ro r• C 0 . . a' C . nt . . p .1 ,(1 0 Dt Ta n 7 con m .. r, o ,D) r • . 2 . a . 2 fa, 2 r• a r- ro ,0 t. ,0 ND 0, o ‘CD D.> Go a 0 5 Iv . 2 . n ..1 so 2 . 5 c . D, 2 3 r• rr n tcl . a a, 0 a .,-,s1 0 0 I. , In C I-, C/ 
'CI 2° § § § § 2> § § § c )2 2> 2° §) § § § § § °2 § °2 §) § § § 2° § § § 2° §) 2° § § § § 2° °2 § 2° § § 2° °2 § 2° § § § § § 
0 0 0 0 0 0 R> 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 A> 0 0 0 0 0 5' 51 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 2> i g 2> . -> i 2> I 	 ,. ,.. %...pliDD Di D. D. D. D D. D' D. DI D p 8> D i - 3 D. D. 2> DI D D. D. 1 i ›.. - . .3. D. ' D . ›. >3 1 i i DI D. 
gglIgglk3Oxgk3k3k3k3111k3lIggiggigggigg allikilik alli;>22>13.-31 
2° 5 5 2° 2° 2° 5 	 §1R§RRIP§)§1R§)4.2§'§gr.9›FAg`lAl›2§§›` -'3§1g§§)g§1P§I§ l'AF,A),AA A A'AA2Agl 
	 1?.) 	 8 ,) 	 1 0) lAV,,,,U'A c- 0 0 0 0 0 0 0 X 0 0 0 0 0 0 0 GI 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 GI 0 0 0 0 0 0 0 0 CI 0 GI 0 0 GI 
	
73 	 '' 	 P 
2 8 A 8 8 8 8 8 8 8 8 8 8 8 2 8 8 2 2 2 8 A 8 8 1 8 8 8 8 8 8 A 8 8 8 8 8 8 8 8 8 2 2 8 2 2 2 2 8 8 8 8 CD C) CD 0 0 0 0 0 0 0 0 CD a CD CD 0 a C) CD 0 0 0 0 CD CD CD 0 0 C) CD 0 CD 0 CD a a 0 0 G) 0 CD 0 CD a 0 C) CD C) a C) CD 0 r) nnono.3o nonononoo.annonoonnnononnonnoonnnoonnonoonnon 
csi, > s; > > > > > > > > > > > > > > > > > > > > > > > > > > s; > > > > > > > > > > > > > > > > > > > > > 0g2 2 2 2 2 2 2 2 2 2 2 2 il 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0 2 2 2 2 2 2 2 2 2g2 2 2 2 2 2 2 2 o a o o o o o 0 0 a o o 0 a a a a a a a a a a a a a 0 a 0 CD C) CD 0 0 0 C) a a 0 0 0 0 0 a Q C) 0 CD 0 CD noC).3nOnr) n0nOn0r)00()000000r)(1 nnono Onen000nn000nr)0000000 
1 
9r ) 90 2 . . an 20 20 . 30 10 0 ( )2 .( - D: lrn: (10 51 5; 25n n25 lo: 5: 52 5 < - .,2 25 ,•! < - lc, : 	 17 5 )1 on . 25:1: 52 2o 2n op.: ,5o 25 ln: 1( 7 01 30. 1r; ( - Drr,;, 210 2( ' ) 80 10, 10. 01, 10 10 
x 2 : ; 1 ; 	 2 2 ; ; 2 2 ; 2 2 F-) 2 ; 2 ; ; ; ; ; 2 
	 2 : 1 8 ; ; ; 2 '2'. 2 2 	 ; ; ; 
	
; 	 ; 	 ; 
2QQc.,-,?..:.. r::1,1:::1111:A::::: 	 A:'? 	 :All 	 .,. ,,. 0ww,., 6.n ta 2 2 0 2 2 0 2 o 4", 0 2 2 o 0 0 0 CI 0 CI a 0 a) 2 0 0 0 o 2 2 0 0 0 0 0 0 0 0 0 G.) 0 a 0 0 0 0 a 
02 1 ,i 3. 02 02 02 20 2n 02 20 02 „2 02 n2 o2 02 0, ,2 2, „2 ,2 ,2 20 02 02 02 02 (2 02 ,2 20 R 02 R n2 02 0'2 2, 02 02 n2 n2 02 2, 02 02 no' ' no° e 'flo 02 ' 18 02 
o n n o n o o o nonno n o o n o n o n OnnOnr)000000 n c- ) n n Ononn0r)00000(1.3.3 0 0 0 CD CD a a a p< 0 0 0 a 0 C) CD CD 0 CD 0 a CD C) CD GI 0 CD C) CD 0 C) 0 CD CD a G) 0 CD C) C) 0 CD 0 C) 0 0 0 a CD CD 0 CD 0 
2 n° 2 2 9 9 n> 9 ''o` 9 0° 2 0° 2 0° 2 0° 0° 2 0° 2 0° <-9 8 8 <9 <9 9 (9 8 8 8 8 2 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 2 8 8 r 2 
aa0C)0000 00C)0000a0C)00000C)0000a0C)0000aaC)CD00000CDC)0000CDO 4, 4, 4, 4, 9, 4, i; i; 54,4,4,4.4,4.4.4,4,4.4.4.4.4.4.4,4.4,4.4.4.4.4.4,4,4.4.4.4,4. i , , 4 , 	 i , 	 i , 	 i , 	 i , 4 , 
2 2 2 2 2 2 i. 2 x 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 8 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
cri (15101fiEr,;11111FA:E:;1114111111141114114i11011111140011 
,:, > ,„. > ,„ 	 ., ,.. , > ,:, > > > > > ,:. ,,. ,,, > ,,.. ,,. > > > „., ,„, > ,, > ,,, 
	 > „.. > > ,,, ),, ,:. > > . ,„ > ,,. ,:. > > > ›, ,:. ,., > 1.fr3,1..,4111111..1A111111111P,A1111111P,11 
5E55>60E54q5E555555555555555E5555555555555E5E5555555 
11111111111111111111E),111111111111H11011i1141111 
2 2 2 2 2 2 2 2 2 2 2 8 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 8 2 2 2 2 ‘2, 2 2 2 2 2 2 2 2 2 2 2 2 nononnon GI Gl 0 nnOnnOnr)nnOnn0r) n 00000nnnnonn c)nnonn000000 00000non OnnOrDOC)0000000000nr)(100000()0(10000nno0r)(10nnOnn 5 , 5 . 5 5 5 ) 5 , 9 ;,,3, - , 0, 5 . 5 - ) 5 ) 5 5 , ; , ..3< - , n9 5 5, 5 5 5 5 5 9 . 5 , 9 . 5 5 ) 5 , ,,o 5 5 5 9 , 9, 5 , < - 9 5- , 5 ) ; ,c-  5 ) 5 ) 5 , 5, 5 ) 5 5 ) 5 9, 5 5 5 5 
2 8 2 8 2 8 8 8 8 8 8 8 2 8 8 8 8 8 2 8 8 8 2 2 8 8 8 2 2 8 2 2 2 8 8 8 2 8 8 8 2 8 8 8 8 A 8 8 8 2 2 2 
° n n n n n n n n nrlici§R§§§§1§ Eiii§lii'§'§'§I§IRR§VARRPP§Igii§1§1§ 11111111 111 8888221212288812§888812828228882882888188 
1 ; 1 1); " '2> s92 1 2>c ' " )2> s92 1 " '2> 1 2s9 2s9 Q2> 5 ; 2>° 2>c ' 2>` ' c '2s ; 2>c ' " '2> 1; 1 ` '2> 2s9 5. " '2> " '2> 2>" ' 1 N; sg ' - '2> 1); c '2> 2s,` ) 2" 's . 2,9 ' '2> 2>" ' 1 c '2> >c)2 5; 1); 1 c '2> 1 2>" ' c '2> 2>" ' 
0 000000 00000n000000000000000000 o0000 0 CD CD 0 a 0 0 0 0 0 0 0 0 0 
i '1 k3 k3 k3 k3 k3 i "1 k3 	 k3 k3 k. 3 	 k3 k3 k3 k3 k3 k3 k3 k3 k3 k3 k3 	 k3 k3 k3 k3 k3 k3 k3 ' - k3 k3 D.' - 3 k3 k3 k3 k3 k3 k3 k3 ' ' ' - k3 k3 k3 k3 
	 k3 k3 k3 CD CD CD c) CD 0 a e G) CD 0 0 0 0 0 0 CD C) 0 0 0 0 0 0 0 .3 a a a a 0 e 0 0 0 a y 0 CD C_D 0 c) 0 000888888 
1F;?Iiirig ii iiiiiiiiiiiiiiiiirgiiiiiiiiiiiiiliiiiiiMCI.1 
206 
11AAAAAAA 0 
5 5 5 5 5 5 5 5 5 000000 n n 
000000000 
ot.; 08 a8 	 cg, 
a 8 a> 8 8 > a a a a a § a a aaaaaa co 
> > > > > > > > > a a a a a a a a a 
0000000.30 
A 0 0 
> > 
0 0 0 0 0 0 
8 8 
8 8 0 0 0 0 
8 8 0 0 
2 2 2 0 
0 0 0 
b b 
0 0 0 
0 0 0 
2> 2> 2> 0 0 0 
A 
0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
2° 2° § g § § 
0 0 0 n aaaana 
8° °8 8° 8° 8° 8° 
111111 
> > s, > a a aaaa a a a a a a aaaaaa 
2 2 2 2 2 2 2 2 
8 	 8 8 (9 8 8 
11111111 > > > > > > > n 	 o n 0 0 
00000000 
2> >2 2> 2> 2> 2> 2> 2> 0 0 0 0 0 0 0 0 
0000000n 
r) O 
• 	
0 0 0 0 
0 0 0 0 
0 0 0 0 0 0 0 
2 2 2 2 2 2 2 
> > > > n n o n o a a a a a a a 
8° 8° 8° 8° 8° 8° 8° 
11111'o31 
4, 4, 9, 4, 
a 	 a a 
0000000 
0 0 0 0 0 0 
2 2 2 2 2 2 aaaaaa nnonno 
111111 
n> n> n> 
n o n o n n 
2> 2> 2> 2> 2> 2> 
'4?.RFR? onnnon 
2 2 2 2 2 2 a a a a a a 
1° 1° 1° 1° 1n 1° > > > > > > onnnon onnnon 
2> >2 2> 2> 2> 2> aaaaa 
0 0, 
000000 
2° 
a> 
8 
0 0 GI 0 0 0 0 0 0 
0 0 CI 0 0 0 0 0 0 
§ 2° °2 g 2° g 2° g 
8 8 8 8 8 8 8 8 8 0 0 0 0 0 0 0 0 0 
8° 8° F, 8° °8 °8 8° 8° 
111111111 
8 8 8 8 8 8 8 8 '0* 
8 8 8 8 8 8 
0a8 2,0 a2r 
0, 0 0, 
o n o 
2> 2> 2> 
g g 
n n o 
a a a a a a a a a 
2 2 2 
> > o n a a a a a 
8 8 8 
1 1 o a > > a a a a a a a a a 
8 2 2 2 
0 0 0 0 noon 
1111 > s, ono() n n o o 2> 2> 2> >2 
0 0 0 0 
n 0 0 
2 2 2 2 a a a a n n n 
1111 > > > > n 0 0 n 
n o n 
2> 2> 2> 2> 
noon 
2 2 
18 
o n o n 
2> 2> 0 0 
0 
o 
2 2 0 0 
1° 1° > > 0 0 0 
2> 2> 
I g 
n 
2 2 
2 1 
8 8' 
n o 
2> 2> 
g g 
n n 
2 2 a a n 
1 1 > > n 
2s9 )92 
g .)c) 
o 
2 2 
n1c) 
> n n n 
2> 2> 
g 
n n 
CI 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
00 00 0000000000 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 
> > > > > > > > > > > > 00000000000000 00000000000000 
8° °8 8° 8° 8° 8° 8° 8° 8° 8° 8° 8° °8 
11111111111111 
8 	 8° 8' 8"8 8 8 8' 8' 0000000,3000000 00000000000000 
0 0 0 0 
0 0 0 0 
0 0 0 0 
2 2 2 2 > > > > 
8° 8n 8n 8n 
8 8 8 8 
1 1 1 n 
> > > > a a a a 
0 0 0 0 
C1000 
1.'1 191 	 `cti' 	 2 	 2' 	 2 	 12 	 114 g' 	 r, 	 it (t; 	 2 	 ,3 	 fI>Z 	 't7 ow 	 9> 0+7 	 n° 	 pz (11 	 C 	 ZK 	 '0 .1 	 r, 	 I 0 I.,. 	 K 	 n 	 n 	 C 0 	 r, 0 	 .3 	 n 0- In 	 n 
'14 	 11 to ikCI 	 • it 2 2: ti 5 2. 	 2,* 	 g ii' 	 x g 	 ,2 	 24 2 
	 K 	 g 	 C"," it 	 g 	 g 
42 2 5. 2. 2 8. 2, 2 2 2 2 It 2 2 2. 2: 	 ‘,2 	 t 2 2. 	 It 	
• 	
t2 	 .2 2 2 i7g, 2 2 f'.1 2. 	 e" 	 },-; 2 2. 
	
12", 2. 2 42 	 ta';' 2 2 	 ,2 ';"8 g 	 it 2 	 .2 	 '1;. 	 II,' 4"; g 	 .
	
g 	 ‘.9. 	 E. g 	 r. 2 2 'U.'. 	 in- 2 
2 8 2 a a a 
> > > n n n 
2> 2> 2> 0 0 0 
1 > c 
0 n 
O n a a a 
a a a 
8° 8° 8° 
1 '1' 2 
8° 8° 0 0 0 0 0 0 
0 0 0 10 5 
• (1 0 
CI 0 
GI 0 0 
b b b 
0 0 0 
g 
8° 8' 1° 81° O o 
2 2 2 2 2 
8 8 8 8 
21111 
8' 8 8' 8 8 n n o n n 
2> >2 2> 2> 2> a o a a a 
nonnn 
a a a a 
0 0 0 0 0 
0 0 CI 0 0 2 .3 	 .3 .3 
n> 	 • 
0 0 0 0 
00000 
8 8 8 8 8/ 
11111 
8 8 8 
0 0 0 0 
0 0 0 0 G") 
AAAAA 
ai 	 g„) 
AAAAA nr„-,00 
8 a 8 8 8 
8° 8° 8° °8 r, 0 0 0 
AAAAAAAAAAAAAAAAAAAA 
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 nonnononnoonononnnno 
C) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
) /* Cg 8C " 	 '18 a8 t 89 84) GI 8C 8Q " 
8 8 8 8 8 8 8 8 8 8 8 8) 8 8 8 8 8 8 8 8 0 0 0 0 0 0 0 0 0 0 G) 0 CI 0 0 0 0 0 0 
8° 81 8° 81 81 8° 83° 81 81° °8 81 8° 8° 8° 8° °8 onoonononononononno 
11AA 
0 0 0 0 
0000 
0 0 0 0 80 80 CE, 
8 8 8 8 
0 GI 0 0 0,c 
noon 
AAAAAA 0.00z. 
5 5 5 1 5 5 0 noon n 
°ono 0 0 
81° 8° °8 °8 8° 8° 
8 8 8 8 8 8 
0 0 0 0 
8° 8° 8° ) onnoon 
0 0 
5 5 5 0 0 
„). 
0 0 0 
gggggggg gggg°22ngg °2 
	
> 	 x 	 > 	 > 
no,-3nnonnOnnononnnoon a a a a a a a a a a 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 x 0 0 0 0 0 0 0 0 0 0 0 It 	 t 	 t 	 t1111101 nonnonnoxnnnnnonnono 
RCARRCAR5:4,P,RUCACe-,P,R 
,z )9 re; g 5 g g g g g g g g g g 
(§§§1§§PgR§IR§RRRR§§1§1§§§g§'§1§1 
 
8 8 8 8 8 8) '8 81 8 8' 8) 8 8 8 8 '40 8 8 8 8 8 8 8 8 8 8 8 ".0 8 8 8) '40 555555555555555555555555555551i5 8o 8n n8 o8 80 n8 8n 8n 8n )9 8n 8n 8o F8 so 8n 8n n8 8n 8n 8o 8n n8 8n 8n 2 8n 8n 8n so 
1111111111111111111111111111111 n 1 onnononnnnnonnonnonnonnnonono.nono 
o' n';'' 	 n.; 	 X' 053 530 ;3'n R 0;3 	 n5 	 9; n.; R .3 E. n3 X' ;30 
8° 8° 8° 8° 8° 89 8'n 8° 1° 8° 8° 8° g g g g (Z19 g g g g n8 8° 	 g 8° 8° °8 n8 89 n8 8° 
> > > > > > > > > > > > > > > > > > > > > > > > > > > > > > 
8 8 8 8 2 8 8 2 1 8 8 8 
- ' - . ' g g . R 	 R ? 0 0 0 0 CI 0 0 0 0 0 0 
0 0 0 0 0 0 CI 0 0 0 0 
''' 
0 0 C) 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 CI g 8o R z . , ,,c  80 t,0 2n R ,2 E, , F), 
0 0 0 0 0 0 0 0 0 0 n 
8 8 8 8 'a' 8' 8 8 8 8 8 
1 
aaaaaaaa a a a onnonnon non aoaaaabC) 0 0 0 
8 2 2 2 	 8 8 8 8 
0 0 0 0 CI 0 0 0 0 
0 0 CI 0 0 0 0 0 0 0 
Cl 0 0 0 0 0 GI 0 CI 0 
c'o c'n Qc-) 8 	 8 
8 8 8' 8' 8 8 8 81 8 8 
g 	 g g 0 0 0 0 0 0 0 0 0 a noonnonnon 
b 0 0 0 0 0 CI 0 CI 0 
2 2 	 8 8 
0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0000 0 
0 0 0 0 0 0 0 
0000000 
b b b 
8 2 8 8 8 8 8 nnnn 0 0 0 
0 0 0 0 CI 0 
8 8 8 
a a a a a a a 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
b 
0C) c9 8 8 
8 8 8 8 0 0 0 0 0 0 0000 
2 8 8 2 8 2 8 8 8 8 8 8 8 8 8 8 8 nnnonnonnonnonnonnon 
a a a 0 0 0 0 0 0 0 0 0 0 CI 0 CI 0 0 0 0 
0 0 CI 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C/ 
0 0 0 0 CI 0 0 0 CI GI 0 0 0 CI 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
EirgiiiiiiiiREEREEREEREEE 
8° 8° °8 °8 g g g g 8° g 8° 8° 8° 8° 8° 8° 8° 8° a a a a a a a a a a a a a 0 0 CI 0 0 0 0 nonnononc9c-nonnonnon aaaaaaG-)aaaaaaaaaaaao 
207 
,' .9. 	 N 	 T 	 Z 2 	 ' f- .1 2 	 2 ,T, V.). w .;.3 	 n' 2 	 e-, 0.-'g' -'n-? 	 2 2 . .',' 2- g ' '4 ?, 	 . .T 	 '. ,' : g ' 	 ?," 'g , , ,'' F." ,, F, (1,3 .,.;.. 4,1.. ,;, 	 ,g7. ro g rx, v,i. (..D.. ,a4 143, 	 : ,g. ;:s . ii. g: p g. .n., 1.,: 	 4 ) 1 	 . - . , .8 . , . .ci . < s i .1 I., 0 ,,-<1 '0 0 	 0 11 00 I--. .3 00 .., VI '10 100 CD 
00'0 0 H-01,0 0 H..19 0- 0 0 ..00 0 0 0 0 0 0 0 X g ,7,- 'gt3 0 5.-A i 'Jg g- 1,1gLt,7,-g?-, gg'-o'ff,-Pr..1 g6-,;32,.?4 2, ('.0 0,'-C 003--0.01-.-000001000000-030000000.-.00-0000,0 0001
- 00 	 000.03--,, cr 7 
,-“Cl 0'6'6 ti 0 1 00,00190,00v0,-, 00 	 1- nr.,00.,00 n1:1000000,000,10,VITVZ", i-, ,-, 1--.0- ‘,1 0 0 0 021 1-,G1 0 0 0,0 0 1--.0 GIP-0 0 ,....0 . 0 ,-..-I 1,-, ,, 0 .10.1 0 0010 ) 0- 0 ('(-'0(0 .... ..., s ..,. 0 1-.0 $1, 10-0,-,-(021t,I ,AN9, 001,,,0 s 0001--. 0 , 0 ,11001-`903-.0033-.00 ,43-, 00.000000003--003-.0 
22222222 x 22222222222222222222222222222222222222222222 0000003y 0000000no00n0 C/000900000.30C)00.3000900000.30C)000 
EEEEEEEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 1111111 1111111111111111111111111111111111111 8 8 8; 8 8; 8 8; 8 8; 8; 8 8; 8 8; 8 8 8; 8, 8 8 8 8 8 8; 8, 8; 8; 8, 8, 8 8 8 8; 8; 8 8, 8; 8 8 8 ,› , ,,,-; 8 8 8 8; 8 8; 8, 8 88 00000000 00000000000000000000000000000000 0 0 0000000000 
00000000 000000000000000000013000000000 000000000000000 
88818888 888 888888888888888888888888888888888888818 A 
00000000 0000000000000000000000000 0000000000000000000 
0,100001 	 (0 , .(. ... ,..,(( ( .,....,0 n ,.(0.,(C. 
ili)2000 2 20200222022202228220000220222222202222022222 
	
), 	 ), a... ), s. s, 
 0 0 0 0 .3 .3 .3 r) 0 0 C) 0 0 0 0 C) C) CI CI nnonnnonnno0oonnonnnonnnon00000no 8 1 8 1 1 8 8 8 0 ' 8 c 3 8 c) c' c ' 8 (?). G' ° ?') ° '3 '' 8 c' 8 8 1 8 1 ° 8 8 ") 8 ° ° Pi 1. ° `3 ° ° 8 8 8 2 A 8 8E888888 	 .)gi!))`43.,g )81).).)i.')?)?A .)8)88888)8818.).)81.)8.).)?.)))8Q>8888 Cl 000 C) 000 00000w0000 
PEPE PP?, g ) ,3 i,) g,'i3g!gag.,'`)l ), Egg3., Pg3Pa9Pgag 3 
	
,' , Pg..3 ?..Pg,.) ?,g3 	 ', g',.g..' 3 Pg 	 " ,'Pg3..''' ,,, g' .,i 000000000 C) 000000000000000000000000 80080888 88888888888888888888888888888888888888888888 
> > > b b 
ggggi",gg'g =''5"ggggggilggg'ggi,3'grggggg'gg'gggggiiggrg.,gggg, 
22222222 §§222222222222§2222222222§§222222222282§§§22 i 
	
), ),.. ›, 	 s, ). ).. a, s. a, )., ), > ).. ),. s, a., a,.. ), s, )... 0, 30   a:. ), a,. a.• 0* 0,' I, b b 0' 0, 0, 9' b > b > 	 0, 9' 0, 0 0 ononon 00000000000000000000000000000000000000000000 
	
&.' 	 i n 	 g,' 	 g.,) P ? P 
Miliiiiiiiiiiiii1111111111111111111111111111111M 
0onn0o0o-non0onnn00000n0n 0 0 0 nnonnonnonnnnnnonnn0onnon 
2 53 5 2 2 	 5 ,3 5 ,3 ) 4 5 ..3 5j 5 ,3 5 ,3 531.gRR5-3.5.35,35.35,35.35: 5,3 531:,m,,35J5.5,35,353.515r-g-r; 2 5 ,3 53' ,i, ', 53 51 53 53 	 53 53 00 	 0000000000 
....00 00   	 8 8 0 L,, 0 0 0 0 0 0 u., 0 0 0 u., ,... ,.., ... 00 ,... ,,, 0 ... 0 0 0 0 ..., 0 0 0 0 0 0 § 0 0 C) G) G) 0 C) 0 
8 i-) S' l'.) 2288 888,288888888888888,8888888888882,88)28088888888 
8;3, 282281 111121111111111111123888118111111181111811111 
i 
21''' : 1 11'42 1i. 	 1 .4 '42 '4. 111 .1 '4 1110 	 1 	 '4. AA11 4 '.q 1 1'1 '-':'-'..: 	 1 
i t t 0 ,0_, >plifil IG:ia t04E13 11 .901000010 ,i,,E, 1011010p3 11 :00 CI 0:i ill t 
i')9 ./gP)F) .1 8For,F,F8F,g88F,F8giggggF,g88,88Fg8Fglg8F18gRF„g8F,EFIF 
80880018 88188888888818888888818888888188888888888888 
? 81A81 11111111111111111111111111111111111111111111 
8 0 ;, 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4 4 4 4 4 H 4 4 4 4 4 4 4 4 4 4 .4 .4 .4 «a 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 
22222222122222222222222222222222222222222222222222222 
G) 0 CI G) 0 C) 0 0 C) G) 0 0 0 0 0 CI G) 0 GI 0 0 0 0 G) 0 0 0 0 0 0 G) C) C) 0 0 C) G) 0 0 0 0 0 G) 0 G) 0 0 0 G) 0 0 0 
22222222 ° 22222822222222222222222222222222222222222222 
1) 8 8 8 8 8 8 81888 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 1) 8 8 13 13 13 1j 
CigFgggg 0000'000000000000000000000:83 :83 00000000000100088 
111:1i111 111111111111111111111111111111111151131111 
1 
EEEEFFEE.EFEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 
208 
›r‹. 	 .,--)›nt,,, 	 .azp,,,,,, 	 ›,,,c0t-zm›., R T ;2. 	 ',? PRfawn 	 S? r0.21w., OHWVH,IPPM0 00,5,10W0 
HP., m 	 ,ocmz,cmc,r.ro,11-,m,ror ml ol-rimwiNnro,lco,i,oryoniomrlm 
MOTIM3 	 OalaMOrrHGO,,M7C7r, 
	 ',..,C0t0,-,DP<OKVIYV,M1,1-MM,,,.(DBB 
,..mo-w.z,,,,,p,-,0..wmox,...0,0ziz..z,m0Q..0,-.000,„,B.00...0 
r-:,212-ftS"cifIVgicrgflEgg;VggS.t2117;gr.:rt5,3",WAR''.717, 5g.F,. 
ti.,...frI000M73,,I3P1M,I,CIG.,0M,Z0,-,P1-..N..0,1,60MQH7trM,,.0.11,.,M,,a, 
OWi-,11,1,MONPOO.Q4,04P.O.M,1011.,3C,001-..,P1Q,P0,0mH,11001LP.MCP.0 
11111111 	 11>111111111111111111111111111111111111›,1111 
11111111 	 111111111111111111111111111111111111111>1111 
2212n12 11qR111111811211R11112,922R1211R211181PAR211 1 
R"(0,9,9n1x81111111111111111121111212111111111111111" 
1111111111111111111111111111111111111111111111111111 
ononnonnonnonnoonnononnnonnnonnonnonnonnnonnon“nnonn 
00000000xon0000000000000000000000p000000000n000000000 
nnnngnnnnnnnnnnnnnnnnnnnnnn 
on000000^00000000000000000000000000-00000000000000000 pAppgr,mw;?-,r,“r,mr.„r,n.r-1 
›...3Pc3P0PPPPP,OPPPRP4PPPPPgV)IPPPPPP2PPPPPPPP,PPPP,9322P00 
›››››››› ›m›,›››››,›.››››››››),.›,›m,..›.››››D:,››.› 
nMM gnMnnngnMnnMMMUMWMA 00000000 
	 000000n00000000000000000000000000000 00.000 
nnnn nnnnnnnnnnnnnnnnnnMnn8 00000000 00000-00000000....00"00000000000000.--0000 
oon00000 000000000000000m0000000000n000000000n0000000 
nonnonnn nnonnonnonnonnonnonnonnnonnnonnonnonnonnonnn 
“ 	 “ “ “ 00000000 0000p000000000000000000000p00000000000000000 
11281218 21111811111111118111811882118211111111111111 
22222222 22222222222222222222222222222222222222222222 
000000000000000000000000m000000000000000000000000m000 
22222222222222222222222222222222222222222222222222222 
nonnonnnonnonnnonnonnonnonnonnnononnnonnonnnonnonnonn 
nnnonnonnonnnononnonnonnonnonnnonnnonnonnonnononnonnn 
nnnn888888nnnnnnnnnnnnnnnn8nnn 
nnonnonnnonnonnoonnonnonnonnnononnonnnonnonnonnonnnon 
hi,, , ii,i.?i,“;,“; ..“““i,i ,i1“““i,“;, 0000n00000000000m000n0000000000000000000000 
nnonnonnnonnonnonnonnonnnonnonnonnonnnonnonnonn,3nnonn 
nnonnonnonnonnonnononnonnynonnnennnnynno.3nnoonnnonnn 
non000000000000000m0000000000n0000000000000000000n000 
nonnonnonnnonnnonnnnonnonnonnonnonnonnonnonnonnonnnon 0000000000000n0000000000000m000000n000000000000000000 
00000t0000n0000000000000000000l0000000000000000000000 
.944.!3414444.23.13.344.!31144.!311,44.13444,!3444.!34,13 
““ 
11111111111P111111111111111111111111111111111111111 
nnnonnonnNnnInnononnononnonnonnonnnonnnonnononnonnnon 
onnonnonnxno nnonnonnonnnonnonnonnonnnonnonnnonnnonnn 
nnnn,“.n nnnnnnnnn,%Th?-w:,,w,Th 
ononononn onknonnonononniinnonion iNiNNiitiMs6MNNN'ti 
212222882 18'0112181111812111811811211188811811881112 
onnonoono no^nonnnonnonnononnonoonnonoonnoononononoon 
“ 	 “ “ “ 
ningggR Rg RUggggggniLigggR52ggiqgRgnitngRggggRg 1 nonnonnon nn nnonnnonnonnnonnononnnonnonnnonnnonnonnn 000000000 oo p0000000000000000000000000000000p0000000 HINUMJIMINIMMTDITNIMMI 
.3.3.3.-3,i[HHHXHHX.39.3.3.3qH.-3.3.3.5.3.3HHHHHHHH.9.3.-3.3.3HHHHHHHHHHH.3q.3 MMMV MMMUMMMMEEMMMMM 
00.00.0.0 0. .000.00.00.0.000 00000.00„....0000....0 Mgngn n gnmmmmOmmggnmmgmm 000000041 00 0000000000000000000000100000004000000000 1 nn8nn n nnnnnnnnnnnnnnnnnnnn 111111111 11 1111111111111111111111111111111111111111 
MMMOU MMMUMMEMEMMMMMEH 
209 
.3 .3 
	
Co 
	 17 	 G4 tn 0 	 0 X ti, 	 g 0. 	 g g 	 t.. 0 ,_. F;i ... ,r . nr 	 n) 2 .,,, g _0, y 	 y z > ,"a td 	 b .1, 0 0 r Z 10 	 = . 	 5 	 0 	 . 	 0 ,10 	 00.0105 	 0 0 	 ,1 SU 5 ti CD 
	 0 0 3, rl 0 51, 0 0 
* 	
0 
03 ').. 17" Ul g 	 'At',  CT § .7, 2 '., 1.1 	 t;' : 2. ',.',. 1.,- ' ; T ; 2, ',-:. 	 02 1.. ,2 811 '.s ,T,' 'g, §' 3 ,'<1 ''z'a- C 1 t i . 5 ° 1 'r in rj. v ,-° ,.: 
. , 	 . 
a' ' 	 ,.,,°- r, ,gg 3 0- 0.-0 0 ..... 1:0 u:/ 	
. . 0 O0 0 . . 0 0 0/ 0 5 0 0 0 X . 0. 0 ,0 0 0 0 . . 0. 0 .„ CI 0. ... . 0 - - 
	 .... . . 0 0 
i... 43 2: 	 3 g 't 5' 3... 2 8 . (.1 'g 2 2 '2 11,  2 2 ; ; 0, 0 3 3 :".. 3 3. 1-T. 	 2 r; ::: ';' .3' 000 
   2 ft 1,:,1 '2 3 3 F,' 3 5 ... 5 5 g- ,. 
,-, . . 7 0 000  ti 'O 1.- , '0 1 011 -0 g I-, o 0000  0. 0. 0.0 1-..t 0.0.0 11 ,0 0 .t0 .s 0 0r0 0-.00 0.00 0.0 0. 0 0000  0. at 21 ,,
.0 tO 0 0 Ct r. ta V 0 a 0 . 0 . rt rt 0 0 . 3 5 1. 0 0 3 . rr n-1 tC1 . 0 0, 0 rr . 1., 0 0 0 0 t.A. In 0 . 0 
 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 a a 0 00 0 0 0 0 a a a 0 0 a a 0 0 0 0 0 0 0 0 00 0 00000000n on
1 
onnononnnononno onnononnnononnnn c
-)nnnnonno 888888811 88 x 8888888288828818888288888882882888821888 8 23 2 ,9 8 2 8 8 F-3) 2 2 8 2 8 2 8 8 8 .3) 8 8 8 23 2 2 8 2 8 8 23 2 8 23 8 2 8 F.3' 8 23 2 2 8 8 8 8 8 8 .9 8 8 8 
AAAAA AllAAAAAAAAAAAAAAAAAAAAAAAAAAAA1AAAAAAAA 
1 
P,) ..")).PG),) PPg,' 	 Pg,) Pg3 P, P 1 g,'PR.PP,4),'g..) g,'Pg3PPP, PPPPPP§',''), g.,'P), ?,g1PG).3 PP, 
111111111 1101111111111111111111111111111U1 41111111A 
......... 
 
59 59 E 8 " 2, E 8 E 8 `,' 0000 
 2 8 8 E 8 8 8 8 8 8 8 8 8 E 8 8 8 8 8 E ? 8 8 8 8 °).,. 8 8 8 001onon ..3oncsoonnonna0.32. cl 2., t" n>ons.s.onnonya m.,> >a 1.3 	 .. 	 L 	 ..3 	 .. 	 ..3.3..3.30.3.3..3«3.3.3..3, 
	 ... 	 , .3..«.3,..3«3, 	 ..«3.3«3«3«3.1 
	 . 	 n «3 
...n.nt 	 . n 	 . , . 1 nnnnnnnnnnnn , 1..1...til...11,,.....1 C) a a on 0 n  3 0 0 0 0 n 0 n 0 0 0 n n n n n n o n n 0 0 0 n n 0 0 n 0 0 0 0 n n n n 0 0 n 0 n n 0 n . 8 	 ,) P 8 2 E 8 g,)gsF).) 	 8 	 g,' g,) E E P P E g,) g,' ) 	 2 	 E g," 8 2 2 a." E 2 °)_,, E °)„, ).,.° 8 8 2 g3 g,' g,) ?, 8 8 8 S' 2 2 0..300000).0...c,0_0000000,-)or,000 0 0 0 0 0 0 0 0 0 0 " 0 " " .30000n/1000.30n 2 231 23??2?)'0 ,220PEEPR2Eg.188PP8 0 28288E8888828.882888.28.2E88 0 	 00 ...).00 se 00>tono(1a C)000n0o00000000000000110 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2, 2, 0 0 0 X 0 0>eapppoopp000000000000000000000000000. 0000 2 8 (=q8p;o8p 8 8 8 8 8p,..gp,g,,.8p). 2 	 7 8 rl 8 8 	 ... 	 2 2 0 0 0 0 	 0 0 p.; 5, 5 0 0 0 0 0 0 0 5) 0 0 0 GI 	 0 0 0 0 0 0 0 0 C. 0 0 GI 0 0 	 0 0 0 0 0 0 0 0 0 00 0 X 0 0 0 0 0 0 0 0 000  0 0 0 0 0 00 000  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 1 8 8 8 8 8 8 8 
 0 0.3 	 1 o 0 0 a > > s. > .-. > > 2. > s. > > > > > > «3 2. > «3 n > > > > > > 2. > > > > 2. s. > > s. > 2. > > 2. > n 0 
00000002, 01<00 000000000000 0.30 0000>0000.3000.300000000000 nnnn ,-31-11,41>C11 	 11111111111111111111-311111111111111111111 0000(10000x on onnoonnonnnoonnnonnonnonnnonononnonnonnn 00000000on0 0000000000000n 000000000(ln 00000000000000n 0.30 1 e..30aa aa Q00000000 0000000000000000000000000000000 (I (1 1)0000 on xon csontinnonononno>nnonnononnonnonoonnon 
0 0 0 0 0 0 0 0 5 
 )„, 0002.2.00a Da 0000000000000002.0 . 0000000000000000000000 
k3° . ' 02 2p 1 1 12 2r, 20 1 1 1 i 8: 0 0 1 1 02 1 :1 02 r!3 23: 2: `,)  1 02 i i 02 i 02 02 02 i 20 1, 1, 1 1 1 1 0 1 i 8: 2,0 i 
2 2 2 23 2 2 2 2 2 5 2 2 2 2 2 2 2 2 2 2 2 8 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 V 2 2 2 2 
2  °P2°'>82) pf-32 2 2888888822888888.92,9888228,z,'82888 00 0 0 ),,, 0 2, 1111 2n 2n 2° 2n 2n 2n 
c' 5 ‘1 2 ° ° 5 0000 2 2 E '2 `55, 2, 2 2c "s) 2 ii ,i E d 7ci `53, '5i E E :'d 2 2 6 2 P '2 6 6 2 .5i 2 2 2 2 `.1 8 8 
.1 1 	 550.,g gg §AAA5RAA§AAAAR,1 § §'§g 2 1 AAAARAA AAVg§§§5 RA 2 2 AR5or1,1 (1555,1P55A5555,1RAAA150,15,55A115555r;AAAAR 
1A511AAAAIAA AAAAA A AAAAAAAAAAAAA111AAAARRAAAAA',IARAA (Alq11A 
	 AA AAAAA:1 AAAAAAAARAAAAAARAAARAIAA11111AARAA 818882188 8802.928 8 .'7'i 88888888.98.98882888288.8888888288888 
c'')2 EE.' 2 R ) '' `' 2'))8P)P' P'E RR''RE`''P'R RES )SI'c cr''"'"?''' ) ' 8 	 ),	 ' ... ).       i 0 a 0 0 0 a 0 0 0 0 0 a o a 0 0 0 0 0 a 0 0 0 0 0 0 0 0 a 0 0 0 0 a a 0 0 a 0 a 0 a a 0 0 0 0 a a 0 002, 0>>>>> >> >>>>>>>>>>>>>>>>>>>>>>>> >>>> a >>>>>>>>>>> 0 0 0 a n 0 n n 0 n n o n n o n n n n n n 0 o o n n n n n 0 0 r) 0 0 0 n o n n 11 1) 0 0, 0 0 0 0 n 0 0 2 A.$,Vi (8, ii ($,EARRIRAA'APAAARAAAARARRRO)RA,IAP,AA,OA.0,1,1,1),IR 0),..000),00 00 000000000000000000000000000,3000000000.3>0 8VP., 22222212202222222222222222222222222222222222222,222 
2 2 V 1 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 8 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
E3 2 2, (I-1 P3 PAR5RP5RRRRUARRF,- iPARPRRUCARRRRUARRRH,VARVARE3RVA A111-,1111,111111111.-_:111111111111111111111A11111 
210 
qPi 	 X N ,0 4M0 OXM .s 	 tofl 
	
>r<m on>orro 11.,,m 	 ›ro0OrZ5P.. 
IN 	 0 	 0 	 r 	 C.10 	 W(DrWm0 	 000 	 t.Ormr, 	 Or0=00.3 ,i0,0 ,10 	 00p_ ,IMPOP 
,V)" ,6- mg 	 '&',Vg,TE,(17,Thg-Pg- 	 i".. , 6- t8 V3-colg., g1",,7,;, ggg 
,v00,0:00....00-00.-t- , 00000000X.,r0 ,0000,00.00,01,-,,-0...-.--r,,H.,..r9,0 rAR", :J.8 , 2O":1'8222,CISVjg-Vgg,23°42, ,K,212F,11-iggA g. 
0-rr70)000mR0r 0 .10 01 0-00.000-.00r,,.700-MrrO.t ,00 ,10100- 00-.r00,r0)rOra 
000-.At0-000, 00)00 ,00)400300-0r101000-00-000-m ,100-050 0rt0-0- a0000-0)0r0 
yynnonnyO.9.5knonnnynoyononnyyynynynoynonoynnonn,i.ionn 
828 > 22222'1 22p222228222222?22822222228222282222222228 
VA 88888)0080000008800ni)n00000000008000000'00000000 222r)2222212202222822222222228222222222822828222222222 
o22288222 220822228222222222222n22222222222222822222 
2822 	
,, 	 a0000000000 222P2188x2222R82282222P?2f2222?22 1 22 , 	 , 	 ,,, 	 ,,,,ao 0 , ), ,,,, ,, 	 , , n ?';nP::',:3.: 	 :1,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
giA 2 MMgg,gMMM2MAgggVAHA 2 MMMIEREV, 
0, 00000q0X00^00000000000000, 00000>.000000000000000000 
,93r)!;nWW!30W3 ,'4. a51<15 15.1515.51<q1.3.5>15 ,V5MIMI 
21VA2Ve'ixn V)2p"APrAnWAVolnnWrO'l828n 0,. aaa ea 	 oana co 00a0ea 	 a a a a a a a 
oboann>oo on nonnnononnoonoonoonn000nonononoenoynnonn 
oonnanono on 0000000000000000000000000000000000000000 
c?-iM)r 	 n' 	 0 000) 00 
 
1W11111 11 Filli11111111111IIIIIM111111111111111 000v.,0 0' vA ,AR,,v;mvcr,r,r,r,v(?,r,Rr,vv,m?„ 
1111 1 1h101 OgIUMPMEAMMEAW4121H1H11 
MaMlooMEMMUMUMEMEMUMMM5 
HUM5E 0 WIMMHMMMEMMMMEMMM 1111111p4q1111111111111111111111111111g111111 
nntinn ilxViI8Wnn888n8i)8888nnnp88088nn 
niiiit)ili) 	 oo0or)oon'ann88nnn888nn8n'ann88n8r) 
222828222 2212228222222222222222222222222222222222222 
11111M1 MAUMMA11111MMUMMAAM111 1 gEMHHoH MMEEMEMUMMEEHMMHEME 
oonnonanoxonp<nonanononaonanon000000nnonoonnoonononnon 
nonoonnnoxonx000nnoonnnonnoonnonnoonnnonnonnononnonon 
>s, >>>>>>»4›»4›>»rnt, m>>>>>>»rnm>» , >>»rn 
00)100000051400)<0000000000000000000000000000000000000 COO Innooanno ocloon000ponaonono.noanonoonoononoonnoonnon 
R2222:29,99 ,99z1929222222222922922222292922q29,2Qq29.99,P,PQ 
o > ;3' y 5 q .; n -1 	 a 4 	 <-5 4 -4 4 .3 -4 4 4 4 4 4 4 ;4 xl 4 4 4 4 ri -ci 4 ;:i 8 -4 ci a 4 8 :•i' ;:i. '4 ,':i ::i .4 8 ri 8 8 yyDn3q,;3,to 	 ot 	 to 	 tototottottoo 	 tooltio 	 too 	 lo 	 1011 	 11101 	 tool 
::,91:, 
	 ,d) i)i., 2 
WHIPARrl MWAMIAMMAREIPAARMOARIMAMOARR 
HAMM ninnnnnMMMAMAMMOnOWM 
555155551 55 55551555551555555555555155555505g0555 
P2PP82PP› PP PPPPPPPPPPPPPPPPPPPPP2PPPPPPPPPPP2PPPPP 
1?...0,, ,,,, O,,,,, k3 
 
i 	 1 
000000000 00 0000000000000000000000000000000000000000 
000000000 00 oononnononnonnonnonnon.onoonnonononnoonn 
22222228822x22282222222222222222222222222g222222222 
aaanooaaa aa 00000000 g 000000000000000000000 000000000 
“ 
i 
H.3.30.3.1.3.3.3 .3.3 HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHOH.3 
““ 
q 22222122 22282228222222222222222222222M22222222 00..00000 00 00000000000000000'000000000000 00000000 “ “
211 
	ri'3 	 k-3 
.3 , , 
	
2 	 2- ',2 	 n11) 
	
r-: ,f3 	 2. 
5 5 t.7'. 2:, 
T 	 -4 	 C' `,`', 	 2 
co 	 .ez ZO,< o 
.,. w 2 2 .!.. 2. 2 g- 5 
,z2 	 2 	 5" 2' '2 	 5' 2, '0' '2 2. 2 8 	 2, ,'Q' '':,:, 5 '8 ,.2 
f,.' 	 t.7 	 f!).. txt 	 4 	 2* 	 C'' 	 P. 
cr.)-,0 	 ri 	 1-,rt tirt'a 
	 n-• 2 2. -t-'' 8. 5 2 2,- 2 g 5 5 >4 2 2 2. 2 2 g g- 2 . '2 r, 2 2 
2, t2 5. 2 g 5 2. 2 7:.; 2 2 5 
s., 	 <u) 	 ons.nr. ... 	 ..,,z.,,uto 	 s,..tz,corz=, r o t-. Ft,' 	 . 
mi 	 o 	 I-. ''.-1 ."-<'' s, 2 	 5 2 	 P. .8 	 2 	 2 2 	 2 	 rt. '8 	 t'l .3 2 
	 2 	 g.. 2 .2 	 2 	 2 	 ,t, 2 trO .8 '2 5 2 tt 	 2 ',1, 8" t2 F.. 2 2 F; 2 5 2. 2. g 2, g '6: :IR g 
,t 2 	 ,?.. .7- t-; 2' :II: :::: 5 8 8 2 .2 li 	 2' 'i,7' ,,,, '2 2 	 2 	 g 2 5 ,.. 5 5 2. 2 . 5 2." g 	 5 '.1. 5 5 g 	 t`i. '2 2 t'a '2. 18 S. F 2 r.: :77; 2 `8 	 5 5 2 . 5 2 ..:'. : 8 
g g ii g g g g g ii ri g g g g g g g g g g g g g g ii g g g g g g) g g g g g g g g g g g ii g g g ii g g ii g 2 8' 8' 8' 8 8' 8 8 8) 8 8 0 8 8 8 8 8 8 8 8 8 8 8 8 ') 8 8 8 8 8 8' 8' 8 8 8 8' 8 8 8 8 8 8' 8 8 8 8 8 8 8 8 8' 8 
2- )g2ggg2 b' 	 g ii , .1 geIgclg ,c,' 2 ': g si' ' g' ' ''. g cA:1 g 1 g k"" g sc" 1 gggg rc,-1 g 'is' ' 5 5 5 5 1 5 1 5 5 c 0 
)G ' 1 (1° 1 1 1 cl I A° A° A° R . I A° A° R °A 1 A A° R. R A° 11 R A° H 11 1 A° A° A° 1 1 1 o ci o A° A° A° A° 1 1 A 
e e 2 e e ii e e.eeoe e e e e e e e e e e eeee j3 eeee e... e .e .e e e e e. e. e e .e. e e. e e e e e e ,..... 	 .1,-,,,,,,,,,,, 
	 ,,. 	 ..i.: 	 , 	 ,,,.. '7 '7 '7, 	 '73 	 •1 '7. 	 .3 '7, '7 '7 '1 '3' '": 	 .3' 	 '7. 	 9 	 '3 .3' '1 3-.3-3- ,.-1.I.IX ' .0 .1/1 .. 
	 . 	 ' ' ' ' Ai .1"1 
	
. " " "1 '1 'I .1 ' .. 9 9 .1 g g 34 	 9 9 0 :32. 313 X 3'3', 	 :213 	 P. '.73 	 .=:. 	 ."::. .=., ."-'., :=1 r-i. 	 ',:;"' 	 'q. '.:i 	 9 P. 3'2. 3'2 :2. 3'2_ :2 :2. 	 :2 	 :32 	 3:2. 	 '.2 :21 '.: tttt toxt Ip 	 on nt tont onnotot t t n tot ,otoo,, toonn, t t .11 
' " " " ' np41)'4 i- ) 2 2 2 a d ) 2 2 a 2 2 2 2 2 )i.)aa,') 2 a a 2 d . ) il) 2 a a i ) 2 2 2 2 a i ) ,'- , C , a 
i 	 51`))'1,.--.; g i. 	 c 000000 	 00 0 0 _ 0 0 _ 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 G-) 0 0 0 0 0 0 0 0 
1:1 1 a 1;, „1,911illi'11111,,,lplyiu4:4 '4 	 H 
..0......— 14, . 	 .. , — — y,,.... :e.,:z.:5??,.77',''''a-: n5' "111111011-110.:;:Sq 
53 2 8 2 2 2 2 2 8 4 2 1 53. 2 5 3, 4 2 4 8 4 2 2 2 2 2 2 4 ;1. . 4 4 2 2 4 2 2 2 2 2 2 2 4 2 2 2 2 2 2 2 2 2 a a a a s. s. a a a a a 0 C/ 0 0 0 CI 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C/ 0 0 8 	 ,,.' 	 >< 	 g% 	 _,..", i onnononnoxon nonnoononnonoononnonnononnnonnonnonoonno 
n n n ? ? ? ? ? ? 0 ? ' ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 2 ? 2 
E E E t , ,'" E E " . ' ' . .) E P . 4 5 F ° k‘ ' C )k F k'' ) 5 k° k° k° F C )k F kG ) C 3k k° G. 'k E Qk k° k° C 'k C. 'k 5 6 )k °k C )k 5 k° k° 3?- I F G " )k F C 'k G. 'k kC ' k° F k° F F 0000 0C/000 00 00000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 H .3 9 9 .3 	 .3 	 9 9 9 9 9 .3 9 9 9 .3 9 9 9 9 9 .3 .3 
	 .3 9 H 	 .3 9 .3 9 9 9 9 .3 .3 9 
k 5 k k k k 5 5 k 5 k k k k 5 k 5 k k k k k 
	 k k k k 5 5 	 5 5 5 5 	 5 5 
	 5 i 2>2 i>2 >2,, . .,, 21, „ 21, , 21> 21> >21 , 8 21, , 1 1,8 1,8 >21 1>2 12 81,, , >21 1>2 1 ,2i 1,8 21, , >21 12 1 81> 1,8 1,2 1,2 21> i>2 1, , 8 , 8 21> 21, , 1 1 1,8 21> 1,8 1,2 1>2 1,8 1 1 1 21, , 1,8 21> 
s . 
IlliiiIP'81511 inI8P'gliiiiiiiiiiiiiii;)°°8'e';nc)8gg8141111111111 s.. s, s, s• s. s. > s• s. 
	 s, s, 	 s, s:, s, s.. s.. s.. s. s, s. s.. s. s, s, s, s, s.. s., s. s. s, > 5, s, s., s. > s. s, s, s. s, s., s. s, 
	 s.. s. s. s• s, 
s_9?...‘"?..s,n?.,,ns,,n?.??5zs9c..)P0PP.PPPPR,PP,PPPP,Pi,PPPPPP..i.P,PPPPPPPP,PPP2i,PPPP t. 4`.:4r:4'2.41;,.4-z!.;`,,',,coc2c9,9.9.9.99R999.R99.9,9.9.9.QQQ9.9.Q.QQQQ0QQ.QQQQQ0Q0c2 
-ggg''g''-''''''g' 	 g g a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C-3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CI 0 0 0 0 0 0 0 0 8E8888T88x88 88888888888888888888888888888E88E8888888 nonon , non no nonoononoononoon..3oonoonoononononoonnnoon 5 5 5 5 5 5 5, 5 5 5 5 5 5 5 5 5 5, 5 5 5 5 5 5 5 5 5 5 5 5„ 5 5 5 5 n 5 5 5 5 5 5 5 5 5 5 5 5 5 5 n 
4° a2 5 5 4° 5 5 3° 5 5 5 5 0 5 5 5 5 5 5 5 5 5 '5 3° 5 5 5 5 5 4° 5 a4 5. 5 5 5 5, 5 5 5 5 5 5, 5 5 5 °4 5, 5 5 5 5 5 5 
0 
53 13 1' 13 1' 1 13 1.3 
	 13 1 0 '73 13 13 13 	 13 13 13 13 13 1' 1' '-,' 1' 1' 13 13 13 1' 13 13 13 1' 1' 13 13 13 13 13 13 13 13 1' 13 13 13 13 13 1 13 
'3 r) " " " ' >' " AA,,AlAgAA 	 p,' 
— 0 - › 0 0 0 — 0 0 '` 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9. 0 0 0 0 0 0 CI 0 0 0 0 0 0 0 0 0 .. 
	
i'IRPI 	 g 	 ng§'`sIg§grgg§)§ A A 2 2 2 2 2 2 2 1 2 2 A A 2 A 2 A A A A A A A 2 2 A 2 2 2 2 2 A 2 2 22222222222222222 s, s, s, s, s. s.. s, s. s. 	 s., s. 	 s, s, s. s, s.. s. s. s, s. s. s. s. 	 s. s. 	 s, s. s, s, s. s. s. s. s, s,. s.. >, s. s, s., s• > s, s, s.. s,. s, s. > 0 C/ CI 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CI 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
8 8 8 0> 8 8 8 8 8 i 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 > 1 8 8 8 8 8 8 8 8 8 8 8 8 8) 8 8 8' 8' 8 8 8' 8 8' 8 8 a a a a a a a a a a a 0 a a a a a a a 0 0 0 0 0 0 a 8 a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 2 8 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 8 2 2 8 2 2 EHEENEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 
212 
::', ri3 	 ff 	 r,' 	 ',1,:' 	 '' F-,'' `6,' 	 I?, ,-T, ,`-'1. 0, '6', 	 " 	 >r<0 	 oo>or,,, 	 ,',6z>,..,, CO 	 ›..000S250., C Su 	 rnn• cD 1- , 
	 0 1-* 0 S 0 0 .3 .1 Su 3 11 (17 
	 0 0 3 11 CD 0 0 3 
H , , 	 cr7 	 r-0 t7 g = c n< co c4 . n. ,o n n, n. cr) 0- 1:5 ... 	 1 0 n. n n,< pi n 1), in n ti n c o n , o n. H 0 ,I lor sn V .1 M rD 
0 0 '7 Ct7 g 	 0 CD 	 CD 0 , , C 0 , 3. , CD 3. C S , , 	 X" ..< 0 ,0 1-, ID DJ < 3 `< S 0 CY , 0 V rr , DJ 7 p, CD a , 0 a s 
, r rD 0 1-170,0 3 ,,a, SO 3 ,c-r0 Su 0 0 3 0 iD 0 X 	 1-0.7 C DJ 7 ,C rt 0 0,0 ,0 1-.0 0 0 ,rt 	 ,0 7,,S. 0 
'.; .1'7) 1?; 	 ,8 ,It'' 5 ,-9-. '.2 8 ' n 2 . , '8 '61 2 ''`O f-',,' ,9 2 2 '2.' r,l-r) g S ';' r-, r ,,. ,7,. 5 2 :=, ',--'.. 5 2; ,r, '',?, ,9i 'F,' P, 5,?, ',c: g ,':: r; r, 5 ,.. '6',' '6,- 2- ,?,. 
F... I-• , Z. 0 0 0 0 .1 V , V .1 CD 11 , 00 g ,- CD CD , C 0 .-.. , S C , n
-1 , , 0 ,1 V 0 .1 .1 7 7 CY DI , , 0 CI , 1-. 0 , 7 , 0 DJ Su P. 0 ... 0 V D./ tO n/ DJ 0 ,0 n., CI 0 0 5 V .--, Su , 11 11 0 0 , 	 C , V DJ 5 .. <1. .1 0 , S. Cl• 0 rt , , DJ 0 0 0 , 0 C , C7 
XAAAAAAAAEAPAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
AAA'a'AAAAA<AA AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
.0.00. G)G) > C 0 G) 0 G) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 G) 0 0 0 G) GI 0 GI 0000000 5,>>>>>>>034>> >>>>>>>>>>>>>>>>99>>>9>>>>>>>>>>>>>9>9>> 
11111122 l'''11 1111111111111211-1121-: 2111111112'41"11 > > > » > :i.,,) 2 » > > r., ..,. » .:,, r, ??, , ,,, ,>,,, > » 2 » 8 ;':, r) 2 > '"> 8 > 2 » 2 ,>,, » > > 2 '''., > 8 » 
222220022 22 2002200000222222220222222222202222222222 
555E55555 55 555555555555555E555555E5555E555555E55E55 
...... 0 0 0 0 0 0 0 0 C3 0 C3 0 0 0 C3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CI 0 0 CI 0 0 0 C3 > > 5, > > 5, > > > 3., > > > > > > > > > > > > 5, > > 5. > > > > 3., > > > 3, 5, 5, > > > > 5, > > > > > > > > > I 
onnnononn on noonnonnnononnonnnoonnononononnonnonnon C) 
0 0 0 C3 0 0 0 0 0 >4 0 0 C3 0 CI 0 0 0 0 0 0 0 0 0 0 0 CI C3 0 0 0 0 0 0 0 C3 0 GI 0 0 0 0 CI 0 0 0 0 0 0 0 0 0 
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 
5nH5512323P23 2 23 2 2 C. 23 2 2 2 2 2 2 2 (.3 23 2 23 2 2 23 .9 .9 23 2 2 23 23 (. - 3' 23 2 2 2 23 .9 2 2 2 2 2 2 2 2 ijoo 	 c)' 
	 8( ),8 
A , A A A n2 2) n2 n2 o2 n2 n2 2n n2 2 o2 o2 (2 2o A A 612 2,-, n2 02 n2 n2 n2 n2 2 n2 02 o2 o2 02 o2 o2 n2 2n n2 n2 n2 n2 n2 n2 2n o2 2n o2 n2 n2 n2 000000000 00 00000000000000000000 G)G) 000000000000000000 
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 E5555555555555555555555555555 
8 c".9 n' 1 cd) 8 r9 n° n° 8 8 c9 2,888882,8888888888888 cc- i 8888888888888888888 1> 1> 1 1> 5/ 5, 1 5 5 5.. 5 1 5, 1 5, 5. 5. 5, 5 1 5, 5 u 1 5. 5 5. 5 5., 1 1 5. 1 5, 5 5 5 5 5 5 1, , 5 5 5 5 5 5 5 5 
.000.0 C3003400 0000C3000C100000000C30000000000C100000000000 
no onnononxno onnonnononoonnonnonnonnonno.3onnonnqnn .3 no 
nonnnonnn on oononnoonnonon0000nnononon0000000000noon 
..,,.,;,,,tt'."tt,Zt• 0 0 0 0 0 0 0 0 0 0 0 0 0 GI 0 0 CI C) 0 CI CI 0 0 C7 CI 0 0 0 .. 0 0 0 0 0 CI 0 0 0 0 4. ,.. .. ,.. '6'68 hhhhh 
5.).5.:5,15.:8>3 
	 c'''., 
„,2„„„„,„,„„„„„„,„,,„,„„„,„„„„„ 
,› 	 ,,,,› 	 N,,N.,N„N..N 	 ,,,,,,,,N'41IN'N'''514141N'..'411 
,:.,>,>,% ›),,,,:, 
2 8 8 8 8 8 8 8 8 8 8 5 2 8 2 2 8 2 8 8 8 8 8 8 2 2 2 8 8 2 .i33 2 2 2 2 2 8 2 8 8 2 2 1 8 2 8 2 8 8 8 8 
Z..0..,ZtZtZZZ ZZZ ZZZ  
oc)c)c)c)oaac) 	 h'i)c)c)c)c)c)c)c)c)c)oac)c)c)c)c)c)nc)04100,-)ooc) oc)anc)c)oc)onac) a 
x n 0 0 0 CI C7 0 0 CI 0 0 0 0 0 CI 0 CI CI CI onnonnnnnoonoonnononnnnnnn 0 0 0 0 0 0 111111) ill Cil 11111111111111111111111111I1111111111111) 
0 0 0 0 0 0 GI 0 0 0 C3 0 0 0 0 0 0 0 0 GI 0 GI 0 C3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CI C) 0 0 0 CI 0 0 0 
11111 	 1 1111111111111111111111111111111111111 
0 =,' '8 c ) c ) c ) 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8' 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 '6''., 8 8 8 8 8 8 8 8 
8 8 8 8 8 'A 8 8 8 > 8 'A 8 8 8 8 8 8 8 8 8 8 'A 8 8 8 8 8' 8 8 8 8 '''' 8 8 8 8' 8 8 '' 8 8 8 8 8 > 8 8 8 8 'A 
000000C300 8 0 00000000000000 C3 0 0000080 0C3C30 0 00000800000 
AANTARNNN NN NNNNNNININNNNINNNN'NNINNNNNNNNN i NPNINNNNR I 
.00.. 0 GI 0 C3 0 C3 GI CI 0 0 C3 CI 0 0 0 0 0 0 0 0 0 0 0 0 GI 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 G3 
	
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 
	 5 5 5 
0 0 0 0 0 GI C3 0 0 CI 0 0 0 CI 0 CI 0 0 0 0 0 0 0 0 0 0 C3 0 0 0 0 0 0 0 0 C3 0 0 C3 0 0 0 0 0 0 0 ... 0 0 .... Cl 
i ; r) - '3. 	 3. '). ' 3. - 3' rl. '	 'C' .3 	 i - 3: . 'A 8 'A 8 'A ri' 	 ('"- i ,- )' ,''- i ('-1' i' ,'-1' 	 ,'- 1.' )'' ?-' i r- i 	 'n - '). r- )'' r- )* 'A r'). r'). 'A r) ,'- ) '' r- i ?.- )'' ,'A 	 'A ('- i ? 1 ; - .; 
cloaaaaaaa 00 aaaana aaa a aaaaacoaa000000a0aac) C7000000000 
8> 2> 2> 8> 8> 2> 2> 2> 2> 8> 8> 2> 8> 8> 8> 2> 8> 8> 8> 2> 8> 2> >2 2> 8> rp, >8 1> A> 8> 8> 8> r2 2> 2> 2> 2> 8> 8> >8 8> 2> 8> 8> >8 8> 2> 2> 8> 
8 8 8 'A 8 8 8 8 8 8 8 8 8 8 8 'ci 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 'e, =e; ,,.., 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 
> '' > ,)' ,)4 r4 ,3' r4 ?4 	 !3' :4 	 ,i ,'2; . 3 . - 3 1 H. H. .1 1 ,%'' ?!.3 ? 2 .3 H H. H. H. 1 1 .1 .1 H. H. '4 ,1 ?-1 F4 1 ?. 3' . 1 '4 ,'.'3' .1 r4' .'4 . 3 . 3 . 3 . 3 . 3 . 3 > 	 3, > C) 	 > 5' > > 5, > 
P, P, 5,1c ,?, r, ?,' (') ,,; 	 r; 	 ,,, ,', rz-, ?., -.) ,,' ,', (z.; 	 (., ('', ,?, ,=-1 	 ?-1 c, r, 	 ,,, ,,,, r'., r, ,., r, r, ,', 	 r, ,,,, 	 r, ,', ,,,, c', -,- ,=•-,. ,? 	 ,', ,,,, 
1 
o r, nonnnonxno nnononnonn 00000 nnoonnnonnoonnonnnnononn n 
213 
›vcorxx ;"-3,1 	 ',-`', 	 -' 04,C,' 	 Pcn rI-w n  	 0 0 't..1,-) 	 ›, r-, <th 	 c) 	 ,,, 	 '0Z00'000., ,,,to 	 p.., 
	
r 0 1., 1.- , 	 o 1-00 >,) z- o v 9n sv P ,I CD 	 0 00 CD 0 0 _ 
rt-b3-,..,,,5- 0A 	 ,,-7: g § ,,T, rA. f.'t 2 r„; ::6; 11 :i ,-, s.; gl rj.12, 1,:.,- 	 (D I 00.D1K73DS00.1'0DICO ,4,0,90 ,1415- 0"0 ,1.1C0 
rtP'C'D 0 0-010 Z 1-..1-.111 -<-.,0,-..,oacnoaorD0><B nV6 ,82;;;V4gg."MLEV-',gg:5?-',F-r nL'grilLgE 
r---..88.15- .9r88. :18t2","5"48Vj';'‘-',11421S"4,`3,..ar';'gr-". 1,:: n;1. 21fig'Sfitl'6";:FgrU-'tF;Ft5,-ti," n;7g.- 
'5,71:7; n:: ?: z!.. 2 € ,':,' ,'zt.k,-,i.--s; .11 z, vg-,1 § li;-,1 : ::: g g 51.; v.." .--,i. , ;--971 .11:.?, pi 2, ,,c.,  . g fs, g 14t:-. .t: 2 2 v„-: ,T.. .;,- g r.: ,., 
onn 
555 000 000 
on 
ann, 
00 00 
En 8n 
 §1 
31 
g"1 
 22 
00000000000000000000, 00000000000000000000! 
MIMMMAMMi 00000000000000000000, 000000000000000p.40000! 
'0'0'''V f?). ??)()?2')0>r)>? 
grggrggilgggrgggnThl 000000000.0000000000 00000000000000000000 , 
8›. 88188821888› 2› 8› 888288 
0> ,9 0,9 0 x8,01 °080.) 80, 0 8 0 0 00 ,0 na naann0 0 ,080, 0 0 n0 ,90 ,
g.)";"M!EP8,1EPP, P, PE-1822.121PES";) 1010000 01100100010000100000000000,0 
QQ°313 13 131133111133113331331313 
P)0222 220222222222222222222222222 
29 92 or' (1 ) 0" )"" 0"c )`%`." 0"r ) or' )".0 ?-" ' 
	
c 	 ) 	 o`." 
000000000 
.300000000 
2> 2> 	 2> 000000000 000000000 0000000y) 
rgrgUggg 0000.0000 000000.00 
800 >8 8> 8> 8
0' 
000010009.5, 00 
i 22p222 2> 2> . 2> 2› 2› 
1 2° 2O 200220 20  0"0 n'0'-; 
gg k'gg'6 00 000... 
", 1 5, 291 
0001 ili, “ 
00000000000000 000000000000000 
00000000000000 00000000000000 00000000000000 
0>c)>0'''0>o>0>c)'''00>>00>in>0'''> 0 
'c1)003 ;83 0000C)00003 0 
000000410000000 
04-1000000004-1000 
88
00
8
00
888>
>>>>>>>>
88888888 
0 0 22c9200 2200 2000> 0> 0 8 0000000 8 0000 
22222222222222 
11113331333311 1>515 E11 ,51u5155, 
22222222222222 
09000000900900 
100AR gin 
AAAA 
0000 
EEEE 
§181'81 000000 
uu
ggilggg 
AAAAAA 
000000 000000 >>>>.» 
00 
88 
E3E3 
Al 
RP) 
'4.=4 
EE 
22210 0 
 22 000  
0 0 2 (CO0 ,
?")(:)Iirl 22 
231 31 
8c)2 8 
oc-30 00 000 00 
0,-3 88 8000088 00 	 0000 000000000 99 
A A A 8 A A H 
22222V80222 
0 22000 00 20' 002 
or)> 0> cH o>0 >0 o>0 0' 1, 0> 2> 
13333111Q13 
222222a28 0000000 ›00 
HREMIIIR 
2222200022 
0 0 0 0 0 0 0 0 0 
r 
P111 .1 
00 (C0000 00 00(C0000 00 
AAAAAAA AA 0000000 00 0000000 00 
g0000 0000000000000000000000000 
288882882888828(22222 - 122822822 
.3.3.3.q A A A A A A A A4-1A0ArANA A A2.3 A A A AAA 
'<222222222222222222`,- 122022g2222 
1 r9 2 P) 8 2 2 (9 8 2 <9 2 2 2 2 2 c9 Qr) c9° 0 e9 r9 2c o "?) n r9 2 2 2 
`'clonr".'"00`?"1"0"0"'00`"'n"0".00""cUor.A.00'`;1`"00"111,-)("10?'". ""r) 
1113131313133133113331111F41fq 
2222222222222022222g22 0 2220 0000000000000000000000,1000000 
EGIIIIIIHUGHHHVIIIREH 
c)`'' .. ' ?"0 or 0` '' ' 'An 0" " c • ):. " 0"" ( . )`'  `'''r ) '').0 ? " "c) r)1.0 nr) In(' ' " or) `":- , k '' ' ?":- 2 `'' .1 '0 o''; '''',- ) ,-,'" '` ' "0 e )( " 
EEEEEEEEEEEEEEEEEEEEEEEEEE 5,4. 95.2 ,9 ,0, 9 0000 9 0 2 00 .9 00p,e 00.0 0 . 
... 
Pe CU a 1 1 bl 1 i 81 1 F1'AT841 H 1 000000000000000000000000 
„,.4 . 	
, 
0000000000000
I
00
101111111 0000000000000000000000000 0000000000000000000000000 
0•0`.›0"›rn>>>>>>0' 
0(100000(10000000 
0 0 4-1 0 0 L) 0 CD 	 C) GI CD CD CD G) 
1 
000000000000000 000000000000000 
11MMMIM 00000000000000 000000000000000 
214 
00 00 00 00 
22 
15 00 
00 
Hgn IIII5 
Vaiq 
EHH 
04Agg 
nIng HMI (qViU 
111111 
0 0 0 0 
2 0 
0 
00 00 
88 
n n 
co 
CI C) 
00 
00 
931) 
a a 
0 0 00 00 00 
00 
>> 
22 
00 
00 
00 
00 
00 
22 
00 
00 
2 0 
2 
0 0 
1 
22 100 
00 00 
22 
00 00 
00 
nn 
11 
g 
f," 2 	 2 	 g2. 	 FD" ;5. 	 2 2 
	 S' 	 ',-7 	 ;,° 	 ?)' m 	 MI 01-..P,NPVISTIM..0,1,0/....4WM 
i4Vg(TW/W.ilnigt;In/"NSM"/40:32V7gg'tlg,4,5.gi'Lggrgg5:0 
r-;€9719.18"il8t20"4EgggiVgrgiagitgr/gCStg'gPo'VEgf!IKYE."Vg 
I'7...ZrA'ISPYg:8UOV2§ F11944;1 §1'1 FLF,T212M11, 
0 0 0 0 0 
2 0 
8 0 0 
0 0 
2 
1 
a 
00000 00000 00000 00000 
M.), 00000 
2222 
()noon 
00PPP 
22E22 
00000 11111 ME/ 
00000 
00000 
“ 
nVM 
qRRRHIR 
0"Mqqqr1' 
WHIM 
MAMA 
0. 
.0 
55 22 
00 
MTH HIM 
HIM 
888888 
Min 
on0a0000 
annoomon 0000000a 00000410o 
EiM55n3 
22222222 
15111551 
lillilli 
00000000 
§RPRM IIIIIII 
Vi51(11q 
HHHE 
ignigg 
888888E88 000000000 000000000 
555555555 WAWM Mnnn 
...00.0q. 
gR§§§IRP MUM 
laiMq 
iiiiiiii 
OMAHA 
0 0 0 0 
0 
2 0 
a 
a 
0 
2 
on 
no 
CIO 
00 
?)g 
on 
0a (1 
22 
11 
1: 
OS' 
a 
2 
a 
	
.0 OD 	 00 
	
00 	 00 
	
QC) 	 00 
	
CI0 
	
C/0 
55 .C3:3 
.0 	 .0 00 
onxnn 
1 88 88 
00 00 0 0 0 0 
8 8 0 8 8 
?,,' c'.', ,%' r.,' 
no on >> >> 
nn on 
no on 
8 8 8 0 a a ... 
8 8 8 8 
noonnon 
0000000 
0000000 
0000000 
0000000 
0000000 
nononon 
8 8 8 8 8 8 
nnnonon 
>>>>>2, 
nnonnon 
nononon 
nnt,Z',Z1, 0000000 
888n8t., 
xnnoonononnonnonnnoonnononnonnonnon 
x000000000000000000anaaaaaononnoman 
X0000000000000000000000000000000000 
r4 
>C0000000000000000000000000000000000 
x000000000oaaoanonanannonaaanna0000 
0000000000000000000000000000000000 
onnnononnonnonononnonnonnonnonnono 
»a,,m>m››bmp,,>>>>>»>>>>>> 
n000nnnonnonnononnonononnoonnnonoo 
on000nnonnonnoonnnoonnonoonononono 1 >>>>>>>>>>>b»m›m»m> >> 
nonnonnonnononnonnonnnononononnonn 
n000nnonononononononnonnonon000non 
nr,Z,,Mnt,Z,,M,'nnt,r,8nnnnntIn 
000000w000000000000000000000000000 
n'c'',n8n88888nt,,nr,8nr,nr,r,nnt,n 
oonnno 
oaoaaa 000000 
000000 000naa 
000000 
000000 
V)r)M"1 
ononon 
8 8 	 8 8 
nononn 
888888 000000 
88n88 
2 
0 
2 
1 
H 
2222222 00001c,,0 
onnoo,o 
nononno 
2222222 
,..0 
nonnono 0000000 
oonoaao 
non.i,on 
1111111 
222222 
1000000 
Fnnnnn 
nonnon 
222222 
r(1),I, 
000000 
000000 
nonnno 
111111 
.3 .3 .3 .3 .3 
22222222 
00000000 
non 	 non 
ono 	 ono 
22222222 
.o.,,..1 
nonnonno 
00000000 
00000000 
ononoono 
11111111 
2222 
;,1;1 
2222 
nnon 
0000 0000 
nonn 
1111 
.3 .3 .3 .3 
2222q2222222 
00 000 0000000 
bT,;.bb?YbbbbP.4, 
00000000000000 
nnnononnonnn,o 
nonnnonnnnon.n 
22222222222222 
nonnonnononnon 
00000000000000 
00000000000000 
nnoonnnonnonon 
111q111111111 
S,““ 
H.3.3.3qq n-3.3.3HHHHH 
2222222 
00 00000 
Q 	 R 
nno, 	 n 
0222n.,22 
I 
00000000 
00000000 
00000001 
nonnonno 
11111111 
nr, 
88 
n 
n n 
a a 
a a 
n n 
glggnng 
›.»b>>> 
nonnonono 
282282822 
“““ 
nonn00000 >5,>>> n >>> 
nonnonnon 
000000000 
000000000 
111011M1 
nonnonnon- 
MMn 
82228822 
P2222222 
nnnnnnon 
00000000 
00000000 
111111111 
xnonnnonn 
Mn 
,1r, 
82222 
00000 
00000 
00000 
00000 
11111 
nnonn 
ggnnggn 
onn88n8o88 
2282222888 
0000000000 
000000000a 
onoo000000 
1111111111 
nonnonnonn 
gggnggnggngn 
›.>>9,>>»m›.> 
noonnoonnoononon 
8228222222288282 
nononnonn000nnon 
888888888888888 
0000000000000000 
000000Q000000000 
000000000000004,8 (WM1111111111 
215 
;3, ;,3 	 fp' 	 0 	 2 2 c.)' 	 g' ;°, 	 2> 52 Ec ° 	 zr1 	 m m 	 01,.KKM ,1900MKSN,Adetr uw,, ,10 
00100)0) 	 010010010(-0001-01.-(00001-1.- 	 0<010.001<01 C<0)0100010lgo010101011.000) 
l-10 011010110111001-sO 000 (
- 000001001100 I-0 1.-1--01C(-1.-010100N000101100(1011011-0101(01.- 
001000Nt1-1011011(-100l-0011-001..11.00)1-Nk.(--s 	 111001101100m1.-C--0101.-1--0111-01.-01 
01011.-W1.-0t10101-001010W10010001l-01(-'(1(1Wg((-.0)Cp-Cj(0 	 1..10N1011.010010(-(-01000111-01001-0 
2 
0 
8 0 
0 
9 
a 
8 
> 
2 
0 0 
8 
0 
HEM 
000000 
>Mb> 
nnn 
008880 
888888 
555555 
888888 
888888 
8888 >>». nnnn 0000 
>>0101 anon aaaa 
8888 0000 
8888 in> 18 in> 
00000000 
00000000 
55155555 >>>>>>>> 00000000 
88888888 
H555155 
8r3888888 
00000000 
q,2" 
le04 
0HE 
022p 
OPP0 
° RP 
.39 
1) 1.0 
055 
088" 
088E 
888888 >>>>>> nonnon 000000 
888888 aaaaaa 
888888 000000 
888888 >>>>>> 
OPPPPP 
RgggH, 999999 
888E8 
>>>>> 
nnl 
00088 
88888 
55555 
88888 
88888 
82 
88 00 
00 00 
88 nn >> ao 
88 0001 
0. 013 
888888888888E 
5555555155555 
0000000000000 
8888888888888 
5555515155555 
8888888888888 
8888888888888 
888 
>>> non ono 
>>> aaa aaa 
888 non 
888 
>>> 
555 000 999 
888E88 
555555 
088080 
888888 
555551 
888888 
888888 
88888888 
>>>>>>» 
00000000 00000000 
MAMA 
22222222 00000000 
››››00›,. 00000000 
iiiiiiii 99909990 
HEM 0.00.0 
555555 
888888 
D>.› gg55gg 
88888 
888888 
8888 
>>.». 0000 onon >>» aaaa aaaa 
8888 noon 
8888 
>>>> noon 
8888 9999 
0.0 
555 
888 
555 
888 
888 
moo 
gIMA1 ;3.534.52;2 
2222222 aaaaaaa 
000009.0 
0000 
A 
nn 
2228 aano 
0000 
00 00 RPRRURR 
U1110i1 
n gg gonng 
MAIAMAM 
82x22 22222222 
00X00 00000000 
00 0>400 00000000 
000000000 
888888888 
1111101U 
nnMn 
n5AMIn 
282222222 oaaaaaaao aaaa>aaao 
0000000000000000 
8888888888888888 
1111M1M011r1 
nnnnnnnn 
lAAMMAMM 
2222222212222222 aaaaaaaa aaaaaaa b00>>000 09005, 00 
22228222:1 
9099999q>4 
a2a2228>-, 00000000x 
22222222 N>' 00000000x 
>>>>>>>>x 
222222220 a aaaaaaa 
00000000 00000000 00 aa a a a 
nnnn 913 .3 9 .3 9 9 9 
000000001 
nnnn 
00000000 
2222822 N 
0 0 000000,s 
8888888'` 
222222221 
g g ggll 
21ag gi;',.taa 9.399913990< 
2222222222222222222 
09) 00. 0. 0. 00. 0. 0. 	 Q,C2 ,72QQQQ 0 Q. 8888888a822a2222aaa 
0 G) 0 0 0 0 0 G) G) G) G) 0 0 0 0 0 0 
22222222222222222222 00000000000000000000 
>>>>>>>>>>>>>>>>>>>> 
2222222222 222222222 0 0 0 0 0 0 0 0 0 000 000000 
00000000000000000000 00000000000000000000 
000000 a 00 0000000000. 
-3-3.-3 9 9 9 .3 .3 9 .3 .3 .3 .3 .3 9 .3 9 9 9 
0a 0003 000031 583 000i3)0000l03 03 V83 k3 k9 gi)q)3 H 
0 0 0 0 0 0 0 0 0 0 0 0 0 G) 0 0 0 G) 0 0 0 0 0 0 0 G) 
22222222222222222222222222222 
G) 0 0 0 0 G) 0 G) 0 0 0 0 G) 0 0 0 0 0 G) G) G) 0 0 0 G) 
8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 
12222222822282222222228222222 
8 	 ; E. 	 'tn c;. 	 8888  
>013 .313.3.3.313.3.3.3.31313.31313.413.3.313.3.31313.4.3.3.3 
22222222222 
Qqqqc20. 0,2c20. ,2 
22a222a2aaa 00000000000 
22222222222 00000000000 01001000000010000 
222222222 00 z0 00000 00000000000 
00000000000 
00000000000 
UMAUM HHHHHHHHHHH 
ggggggggggg 
nMMM 
00000000000 
82222222222 
00000000000 
88888888888 
22222222222 
999 RHPAH151 9990999 
0222222q2 
.9511991 qq.cl. 
p aaa8a828 000000000 222828222 i 000000000 >>>>>>>>> 22222222 00 000000 000000000 i 000000000 00000000a nllnln 999999999 
216 
;13 .0.3 	 (U17' 	 ' '1 / 	 G.' '4 COI 	 P" (T7 IT t 0 ; -131 	 n n 	 >r<u, 	 no>nr..,, 	 0,,z>.,tw 	 >,,aot-,zs>. 
	
F to 	 0 (A . 07 n-• rr 	 0 . 0 0' 0 0 "i "1 V 0 0 (D 	 0 Du a of 0 Or 0 P o3 P F. 	 (D 	 .... o g X 0 ""C 07 ( i . . 03 0 . rr t0 rr '0 . 	 0) I 0 r 0 ,C 0 0 0 0 0 .0 rt C 0 0 rt 0 . .-3 0 0 0' r0 '0 ra,) 0 cl, 
g '7 " g 7D g 5 c; 4 3 ,.. 2. .7 Sar 5 3 2 5 g 5 3 g 3 g 5 5 A ,'5' ',, 3 .2 5 3 24 g ',, g g 3.1 g 2 g g r, 2 g 2. g 5 . 5 5 
rl. 3 5'. 	 3 3 5 3't .3 5 2, 8 2 2 2 (4, g 8 g g- 5 g 5 3 2 2 2 2 c... 5 g '... r. 5.' g 3 2 3 g PC, 5 5 g. g g g g 5' 13" ' 'Or. ' 7 t?". 
. . . F" 0 0 0 0 ot 'CI )", '0 rt (D 0 I-, FA G . 07 (D r C 0 r I. V F I-, 0 . . C 0 '0 0 0 AD ot 7 0" DI r . 0 0 1, . 0 r 0 r 11, 0 0 r 0 ), ID '0 AD AD A7 Ar 0 VD r.7 AD SU 0 a 0 . 0 . 0 ot Dr 0 . a Z r to A, a r rr ot 01 r 0 :), ,) ,., ,... . Dr 0 0 0 r 0 G 7, 0 
nononnon>toonxono2nnonnonnonnononnnononnonnonnononnono 
02 02 02 02 02 02 02 02 0 2 20 2 02 02 6 . ') 02 02 02 02 02 02 02 02 02 02 20 20 02 02 02 02 02 02 2 2 02 2 02 02 02 02 20 02 2 02 02 02 02 02 2 02 
11011 	 5g lOggillPiPgg0011011111111P AAAAA AAA 	 AARAAAAA nonnnnon LIR MAMLIMLIM,I,IMMM,10,Lonc,„ non a a 0 a a 0 0 0 AC 0 0 0 0 CI 0 0 0 CI 0 CD CI 0 C) 0 0 0 0 C) 0 0 0 0 CI 0 0 0 0 0 CI 0 C) 0 0 0 C) C) C) C) 0 0 C) 
1111V3'10041 
	 111111111111111111111r31111111111V-311111 
0 0 
,2 2), >2 >2) , , 2 2> 2, , 2> 2> >2 2> , , 2 >2 >2 >2 >2 °>0 >2 >,°) ,,P) >2 „2 2, , 2> 2,„ , >2 >2 2, , 2> >2 >2 ,2 >2 2> 2„2 >2 >2 >2 >2 2> >2 °r '). • 2> °>° >2 x'  `2> >2 52,, >2 
g; rd g; g 6?; g 6?) g). 1 i g rd 	 g g g g g; g g cg; 6?) , .„; .r, ,;- ; , . .', c ,,,,; . ,r, re, g rd 6?; ?..).'„ g; r).'„ rd 6?; ?-=;„ 0r, 6'..; g g 0r) or) ??),, t?').0 a.)2) n 1:., or-). 0,?".). c,(?) c.,(1 A•c., 1 
k' . 0> 1 2 .10'  ' C(;) 1 1 c - ,' '''  x' .  1 r'n> 1 	 1 ‘;6* 1 c k''' n''' ck 1 1 8n? ' 8n> . ( - ).'''  ' 0). 8'n? ' n' ' ' ' e c''' 1 c k 1 1 1 n>8 1 1 c ,L'' rq i c k " n'''''  1 8c ,' ' ' 1 rq N n>8 n>8 1 1 1 rq 1 n °non() ono n 0 nn2r,noonnnnnonnononnonnonnoonnnnon (7 0 nnn () 
21g>`>4 2gg g g g l 
.... N' .... ..- ... ..- > > .... " > > ..... > > > > > > > > > .,, .. 2 > ?...,,, > ?.?). 2 ,>, > > > > ?_,:, > > > > > > > > > > > cs.,.. > 0 0 > .... ..- 
2n21-322220022 222222222no2n2n n2222n222222222 R 2n222222 
2 n' ' ' 2 2 2 2 ( -,`'''' 8n L ''' n2 2 2 2 2 2 2 2 2 2 2 2 2 2, 2 2 2 0 2 2 2 2 2 2 2 2 2 2 2 2, 2 2 2 2 2 2) 2 2 2 2 2 2 
5 5 5 5 5 5 5 5 x0 Ox 5 5 '5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 . ' 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 
1 
iiiiiiiii>11511111=iiiiiiiiiiiiiMrliP,Iiiiiiiini 
8 1 1 1 2 2 1 2 x 22,, 82 1 82 82 28, 8 g .,i2 §8 :2)0, 8, 02, z8,, 82 82 ,..,-.,)3 i 82 i 02, , 02, L82 28 8,2 ;8: 1,,,§ 8r5 88 1 i ,92 V8 ,c8, 28 88 82 121 88 81 
6?; 6?) g g >r, , z , >;, . G; ., 2r) 
02 2, , , , , 2 , 2 2„2 F. , 0„ , 	 62 02 Pe, g g ?-'d L2) g).. g 69 6?; or) of):2) ,,,(1' 02 rd (,c-i 02 02 02 02 rd 20 2c, g , 0?-1 g; 6?). 08 „2, 6?) G. ,n )'' „r; g ;3,0 § ar) r-10 c9 '10 
Do Do 	 0, Do Do 0, 0. 0, D, Do 0. 0, 0" D, Do 0" Do Do 0, 0, 9. Do D, 0 0, Do 0' > Do Do Do D, > Do 0 Do D. Do Do 0o 	 ;,) 
2 lAA111 	 Al 1111ARAA111A11AAAA111111111AAAAAAAAAAA8 A 
n 5.3 2 1. 	 02 08 02 20 2„(?) ,P, ,8 re, 02 ,8 0?- :. ; 6? ; ,2 „2 2 „2 ,2 „? ; Fe, ,)- ;„ 2 g L6z,'2L8 2, 02 02 02 rd ,1 02 g ,2 ,2 2° °2 2° 
i i 	 >1 > 1 x 	 23' 
61 . , n?. ): 8 8 g ; or, 1, ,  8 5 02 02 ' ' ,2 ,2 20 „8 2, 20 2, 02 ,2 08 g GI ,1 ,2 ,2 ,2 ,2 , )2 ,2 ,2 ,2 .2 .2 .8 .8 .2 ,2 2, 8„2 ,8 .2 .2 2. 08 „8 .8 08 2. § 
n,..naaann 	 %, , , 	 -3 . (--, n 0 .-, rs n .. n in n n • n , •-, .. n .. n • = -, " .-= " " -. -= -. n " n n > • = .-= ... n t's 
n2 02 02 .2 2. 02 .P 2, , 	 2 2 	 (2,' i' , .,'".' r,..3A„,.„)„,,.,3,,..3.,3„,„,„,,,„,,,,„,,,,s,„3„,,,„(,),„,„,„,„„,„„,„„3,,,?„,,,„„, 
2 ).,..`r:),PAR, 	 gg R 2 2 2 2 2 2 2 2 2 2 2 r, 2 8 2 2 2 0. 2 8 2 2 8 r) 8 8 2 2 2 2 c 2 2 1 R 2 
0, 	
oc) a 0a0n00 000 0 0 0 C) 0 0 CD 0 C) 0 0 0 0 0 CD 0 0 C) C) 0 0 CI .. 0 0 C) ur D, 
0 
.i 	 55 
.›,-,'>•>>>< 	 2 r; 	 2 r- ).' r- )" r) r-; r). ?)'' r). 'n' r- ; r; ?.'-; ?-1 - '). P, r; 2 1 ?; r, P.,' 2 2 r-i 'A. ?-; r; 'r ; r-,.' r-; r- ; r, P-; )'' r; N'' ,?.; P) r; r; nononnon 
1 1 	 l'' AA AlAA1AA1A1AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 0,o,o,o,o0,0,0, 11 lloo,0,0,0,11111111111olooll000lolloo,o,o,o,o,o,o, 
,. › › ,, › › › › 5 	 !.; ii 	 i:). ii ii il g, R, P. a.) i: L)* 	 i', 	 ii i): :9' 	 ,?'. L'' ,', !...) I.') 	 !.; I; 	 ii ii ii !;) 	 g,) g,) P >° °> >° °> 0 a a 0 0 a 
° ° ° ° ° ° 8 °" 1 8 8 2 8 8 8 8 88 8 i ')) § § i i i i i 1) i') P) § § § § § § § § § § i 1 § § § § i i § § i I !I § i i i i § C I > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > 
''' ' c'""""") En c;,'-'(,°()°,,c)nr) °n n n n n n n n 0 n n n n n n n n n n n n n n 0 0 0 0 C) nnonnn ° ..,'' r) ?; g-; r; r). ?-; F, ;3 '53 ;3 2 2 0 2 2 2 8 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
i 3) g 	 2) 2) 	 x 	 11111111111111111111111111g11111 
217 
4 I 	 N 	 ra? 	 nI' 	 `a.' 04 2 	 2 cl . ' -' ' . t 0 ,;3 8 	 00 	 5, 0<t0 	 005, 00 0 	 025, ..C1 01 	 5.21COCZ=5, CO 	 000-00 -000 	 OF 03'05.319 3 	 0 	 0 0000)03 
‚30-0. 	 a, 	 -•00000<0c-, 	 - a 1 - 700a 	 00 0 	 1<733.159 talc° Irror ys, Ibrt40 ,113 
O 0000 	 00 	 ,130cr 	 00 	 3' 	 03- C3- 1-, 1-, 	 0)O0<000-'000<00<0'0)0'0100'00-'000001 0 - 000 
3 9" 0 0 0 03 0 0 	 0.11300300000103000X30000001-0004 0000 	 000, 001 00.50 
O 0Q<00 	 0,C1,0 , 41 •34133 	 artH0310051400,a). 	 31 0400000. 0000)00 	 1... 	 r 0 
1-.13500.10 ,10000000,000000113, 03-.00'050 	 00+0‘001001, 0,0 ,10 1004153 
I- 	 n-•31 U 000 ,13 	 0 i0 , 3.150-003, 00,, ,-.000.11-, n-, 0 n100 ,10.100"41,-1-.0 ,03, 041001, 5 
50,000000.)0h3000.00000 	 00 -..1010 5 	 001•053 0, 	 0 0 400 , 	 -. V0 0 5 ,-.03 0 3' 0 
20 0 a § Gn--; 9 0 0 1 1 o o 1 0 0° o'-3 on a o o° °a 0 a° no 0) 0) 0  0000 0000000111001010 0° o o 0 a 0 on 0 o a° a on on 0 0 a an on ann a § a 0 0 0 0 
20210822x ?422 n 2222222222222222222222222222222222222222 
g1F-551EAiA1::1111.--.11111A11111A1111.1H1 
2 8 2 2 2 	 0 0 
822 ?,p§,, 2 2 	 22022 2222222222222222 cr.', 222222222222222222222 
° 	 °°°°°°°° 
§ 5.),A51 E5515555555555555g:5555Hi5555i;555i15555i):55555 
gi 8° R§ 
80811108 	 88 8888888888888888888888888888888888888888 
F i' Eil II)EcEUFEHHHHEE'ERIEFG) EFFH5HH' 
88888E881x88 n' • ' 8888888888888888888888888888888888882888 0 0000000 >400 ^00000004100n 0 300000000 10 e, o ,', e, 000000000100n 
. -3 9 . 3 . - . . . - 	 . - X 	 . - . 	 °> 4 	 .3 . - . 	 FH 	 . . . . . .3 . - -3 . . . 	 . - . - F. 3 . . . . • 	 - 	 . - . . - 	 . . F. 3 	 * . 	 . . ' . - . - .3 	 3 . . . 	 , - . . - F3 
X' I 
00000000 	 00 nononnonnnonnonnonnon 0000000000 onpoonnc..);?, I 
' 38a 80 80 80 80 80 80 80 <'› . '' 80 8o 80 80 8 08 000000a 8 8 8 8 8 8  s8 84- 10aa00a  8 8 8  28 8 8 c ' 100a0 8 8 8 8 8 a0000 0 000 Z ' )8 88 88 8 8 8 8 88 8 8 8000aa c ) 8 8 8 8 8 8c9 
2 8 2 2 2 2 2 2 	 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 8 2 2 2 2 2 2 2 2 
1 N ISHII Par2292P 5112P 2"212P I P.22912511292"21111151 5a1511P2 N 0000000n 	 00 I ,<000000000000nn00000000000000000000000non 000000000<0400000000000000000000000000000000000000000000 
0000000004.0) 000000000000000000000000000000000000000000 
ging118,1 8,1 24 11i101 18,1C181 111110,12. 11111112121110,101811181 1 
2> 2> >2 2> 2> >2 2> 2> 0 0 2> >2 2> >2 >2 2> >2 2> 2> 2> 2> 2> 2> >2 2> 2> 2> 2> 2> 2> >2 2> 2> >2 '2 >2 >2 2> 2> 2> 2> 2> 2> 2> 2> >2 2> 2> 2> >2 2> 2> 
11A11110001 ii §g  82 222222,222222, (11,”,(8)(8, 2 2,22, 2,12222,2222222,2 ,11g 22222222 0<022222222222222222 R 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0 0 0 0 0 0 0 0 X X 4") 0 X C) 0 0 GI 0 0 0 0 0 41 G) 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 u 
0 0 0 C 0 
n 0 n 0 0 
n 0 c, ° n 
000 
  0  
> 0 > > > 0 0 0 0 0 
a 0 0 0 0 0 0 n 0 n 0 0 o a 0 
0 0 n n n C) 0 a a 0 O 0 0 0 1 
'i3, .;•3 ,3, ;?, > 
8° 8° 80 80 80 
2 2 2 2 2 
,r, 8i 98 >9 c '9 8, . 8 8 8 - ' i 8 8 8 8 8 8 8 8 8 
'81 F- N g' g" g" 1 N 	
PC) 
 1 N i i N 511151 
0.0 ...3 00, 9 	 C) C) 	 0 0 a a 0 a 0 C1 4-1 0 ..a 
00 0000000000n 
8° 8° 8.- 3 8° 8° 8° 08 i 	 8 8 8 	 8 	 8 
n >nnnon 	 on 00000000000 
'8.° il 8 )9 8c ' 8c ' il )9 8c ) g 	 PC) 	 `),,--, F.; g g g g g g "' PC) 
P T 8 5 3 5 3 q i 2 2 8 2 2 8 8 2 2 2 8 2 2 
I 
2 	 33 2 5 5 0 	 2 2 2 2 2 2 2 2 g 2 5' 22 
T r'-',22;',T 	 TT TilTT11T . T: 
8 8 8 8 >9 8 8 2> Q> Q> > 1 81 8 8 8 8 Fi 8 8 0 0 0 0 c, 	 0 0 0 0 .3 0 0 0 0 0 
> 	 > 	 > > > > > > > > > > 
2 2 2 2> 2> 2> 2 2> 2> 2 2 2 2 2 2 2 2 2 2 2 g 
288888822222222222280g 
00500i00050 -0i005000(zi0i000 
8° 8° 8° 8° 8° °8 °8 8° °8 8° 8° 8° 8° 8° 8° 8° 8° °8 	 °8, 8° 
02 80 2 02 1108 g 	 g 	 a8 08 0000019000000nnnnonoc, 
.;3 	 C., 	 .3.-3H.3.-3.3 1 	 I 	 y 	 IIIIIIIIIIII n 11 
00›x 0 00x222222 000040<00 0< 000000 
 n 
• 0 ^ `. " 	 0 	 C3 0 C.3 0 C3 0 
; 0'6R ;',0R000000 
88,r) 	 8)8088,8888 
clang 	 C) 	 X 	 C) 	 C) 
000 0000000000 
o 	 a 	 0 0 o a 
2 2 2 	 2 2 > 2 2 2 2 2 2 
18 
0
0 0
0 
	 0' ;8,3 0 	 28 82 
8 8 	 8 8 8 8 8 8, 8 8, 
2 2 2 0 2 2 0 2 2 2 2 2 2 
0 0 >. 0 0 0 0 0 > CI 0 0 > 0 0 0 > 0 0 0 0 0 0 0 0 000000000000000000 0000 
2.9519,92.92,9,5-19,995-195-19512,25:,?92,51 
7-5?5 	 7-5 	 Fi 	 Fi '6 F., FS h 	 ri 
>1010> > > > > > 00 >00 > 0,> > > > 0, > > > 000000000000000000000000 0 0 a 0 o o a 0 0 o 	 o 0 0 0 0 0 0 0 0 0 0 
	
n n 0 n n n n n n n 	 n n n 	 n 0 a a a a o a a a a 0 a a a a a 0 a a a a 009000009000090009000000 
a a 0 a 	 o a 0 o a a 0 GI CI 0 0 0 0 0 0 C1 0 0 000000000000000000000000 
RXRCCURCOACCARTCMCM ?-; 	 ?-; 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
00000 
5195-15: 0, 
> > > > > 
n n n 
a a C3 C3 0 
00000 
CI a 
00000 
0 0 CI 0 CI 
00000 
CCARR 
0000 
2 2 2 F) 
218 
.3 .3 
	
.1 	 .1 
(1 'CT .'0.. r,s. 0 
	
-,'' .F, 	 R.,' 
,-. ,-. - 
	
11. 	 10 	 P. 
	
U) 	 0 	 G4 DJ 0 
	
7 	 f D 	 .., 	 Z 	 Dt 	 0 
	
0 g 	 r. 	 S' § 	 ,T, 	 ,9 ' , 5, (..' 
0 P. DU 0i 7 P. . GI 7* 0 
,8 ,`", 6",-91 O" ,a1 8 13 
	
fP 	 0 	 0 	 0 	 DI '0 	 .-,0 	 .1 
	
0 	 P. fD '0 	 .0 01 	 ../ V 
	 0 01 
	
0 X D0 	 9 	 0!, a n 	 s,r,‹ I0 	 0 
	
0 fp P. 01 (D 7 	 7 F 0 	 C. 0 . 0 .. cf. 	 0 
' V, 7, 1 .5 n 1 '( i, g. 1 1 '3 -" P- , ', : '. 	 Ra' I r! <) 'c; ' , 6" 417. n!" ? '''
0 P. rt 0 V 0 0 7 0 fD 0 X ., ,-. 0 '0 0 0 , r- 
	
,7 '',`:; 	 n1,,' 	 g 	 'al 	 g 	 g. t„...g 	 g ,,s 	 ;'_..2,1 cl. ,,'. g 	 r; ,,:: 
	
f D 	 .1 	 . ,0 	 G 	 . fD 	 f D 	 P. C 	 0 	 P. P. 7 5 	 1-, ,-t 	 ,-, r 5 
	
1., 01 0 0 	 5 0 	 . 0 	 . ,-1 	 .-t 	 0 10 . 5 	 F 	 ..- D. 0 	 5 
0 0, 0 C' .0 	 .0 Z 0_, '0 1/G 
	 0. 'V 0 0 C. Z X ? 
P., 0 7 0 0 9 .t 0 7 n-1 0 	 0 0 5_ Di 0, 0 0 P §" '' '4 ' & 1Z Is ._` , -2° 2 S -`  2 -° ,i.'-"i ', '' ', ,', a° - r, ...=` ' ' ,": 1 .:11 g S' 0 rt 0 0 tO ,--- ..., . 0 0 0 ... r. 5 .-- ..., 0, n-n 0 0 t,-; g; s t fi' '`O Pe, :7; FP, (7, ,"', g ,5t 5 ,.. to"'; S-' .. 
PI '13 0 ..I ..0 ,-S P 0- In , . 0 D/1 P. . 0 P. 7 P. 0 P. 0. ..4 tO P. 0 0, 0 r. . . 0 0 0 0 P. 0 C P. 0 
10i1C1C/AtXriiliiiiiili 
	 1111iiiilltillti 	 ill 	 tilt! 	 iiiit 
	 I i011 n 1 	 tX 	 11 	 iii115ii 	 Itit5ititilit 
	 illiiiiiiiiit 
	 tiiti 
	 I 
, 	 2,1),1),1,1)or's 	 , 	 ,,,,,,,,,.,,,,,,,.,,,,,.,.,,,,,,,,,,,,, no onononnonnoon CI 0 0 0 0 0 0 0 0 CI nonnonnonnonnonno connonnoxonnxonnnononnononnononnnonnnonononn n n n n n n n n n ARAAAAAATA AA,1AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA (9 .> e ,› 0, • .> .> .- . ,› 	 r, r, 	 N ,,,' ,%. ,,,)'8?-; ,%' ?-,' 	 r, 	 ,)' ,-,' N' ,,,,',,' ,,,' A. (z). p; ,,.' ,-,' ,,,,' p ,' -,. :-,.. -,' -'.) ,,,) N ?,,' 	 i,' R R r''.; SR 2 8 2 2 2 8 2) 2 	 2 2 2 8 Pci rci rci 2) 2 2 2 2 2 2 a 8 Pc1 a 2 a 2 2 2 2) a 2 2 2 2 6' 2 2 2 2 2 2 2 2 Vci 
i.i.3EDEEE 1EE UEEEEEEEEEEEEEEEEEEEEEHEEEEEEEEEEEDE 
. 0 0 0 . 0 0 01 . 0 0 0 .. 0 . 0 0 . 0 0 0 . 0 0 . 0 0 0 . 0 . 0 . 0 .. 0 0 . . . 0 0 0 0 0 GI 0 0 0 0 0 0 0 0 0 0 	 0 0 0 GI 0 C/ 0 0 GI 0 0 CI 0 0 0 0 CI 0 0 0 0 0 0 0 0 0 0 0 0 0 GI GI GI 0 0 0 0 0 0 0 0 CI 
22282222x 22 228822222228222222282222282222222882228 n 0 .9 9 0 0 .3 .3 X 	
.3 .3 r. 9 .3 .3 9 .3 .3 9 .3 .3 9 .3 .3 .3 .3 .3 9 .3 .3 9 9 .3 .3 9 .3 9 .3 .3 9 9 .3 .3 H 
	 .3 9 .3 .3 .3 .3 *-3 
0 0 CI 0 0 CI 0 0 5 . 0 5 0 . 0 . 0 . GI 0 0 0 0 C) 0 0 GI 0 0 0 0 0 0 0 0 0 0 0 0 0 GI 0 CI 0 C/ 0 0 0 0 0 0 0 0 CI CI 0 0 GI Q 0 	 0 0 0 0 0 G) 0 0 0 0 0 0 0 0 0 0 0 GI 0 0 0 GI 0 Q 0 0 0 0 GI C/ 0 CI 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 GI 0 
	 0 0 0 0 C) 0 0 0 0 0 GI 0 0 0 0 0 0 0 CI 0 0 0 GI 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
G) ,!3 4 4 4 4 .13 .!3 	 4 4 0 .9 .!3 .!3 4 4 4 4 ,',a 4 4 	 ,=3 .!3 .!3 ,!3 4 4 4 .4 4 :,3 4 ,'4 .=3 4 4 4 •=3 ,!g 4 4 ,',3 4 .! ,'-3 ,!3 4 ,13 4 .2 Is  
1 
222882281 22 8288282888882222222222222882222822228828 
5115 AA,A>,>.10AA01AA AAAA A A AAA AAAAAAF,AAAAA AAAAAAAAAAiAAAAA 
2 , 82888a22222122222288282222'e;822228822822228n22828 
,k,k11111511551N555555555M55H555555555M55555555M 
2 1 1 1 1 1 1 .1 	 3 1 1 .'4 0 .1. .1 .1 1 .1 .', '3. 1. .'4 .1 1 .1 .1 ." ; ,I 1 ' 1 1 1 1 ?- '3 H 8 ,'4 1 1 1 .1 r- ; 1 ,1' "4 1 , 1 ,V4 .1 ,I 1 ,"; 1 
2 P 2 P P V, Vci r 2 2 '` 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 i)' ' 2 2 2 2 2 2 2 2 2 2 2) 22888888 	 82 8888288228,')88222282822822828288828228228 o a a a a a o a 	 a a a a a a a a a c-, a a a a a a a a a a a a a a a a a a a a a a a a a a GI 0 0 0 G) 0 22222222 	 22 2222222222222222222228222222222228822222 1 nos,nons,s. 	 no on.nnnnonnonnos,ononns.ons,ns.nons,nnonos,ononn g2g228P2 	 22 g 	 2 82220 2222g22g22 gglg2gg222 	 222 a a a a a a 	 a a 	 a a a a a 	 a a a a a 	 CI 0 0 	 0 	 0 0 0 	 0 0 0 0 0 0 0 0 0 0 0 X 0 0 0 0 0 0 GI GI 0 0 0 0 0 0 GI 0 0 GI 0 0 CI CI 0 0 0 GI 0 0 0 0 0 0 0 0 CI GI 0 0 0 p 
c" , " P g., ,' g , ,".s. 	 ° " 	 .1 g,' .  "i3 , ° " ° P § . 1 	 `; ,' " " ' 3 
	 1 ,) P P g d. ' 	 3 , 
	 GD ."' . ' g.,' P P 	 g,' §,' 	 .) " 
ligggggg 013P)giggggggilligg51gAligggg"5"Agggiiggggggggg 
g g g g g g g g 	 g g A'''''A'AANIIN'N''..N.NINPiiM'N''N'''ANII'N'N'N'AN''N' 
>n›''>('''' E55g1555515551'551115155551551511555555555151 
	
, 	 ........................„ ., ., ., ., ., ,,, „, .„ ., ., ,„ ,,, ., ., ,„ .„ ,„ ., .,.,..,.,,,, „, ., „,,,,,,, 
''' 	 • 	 R li 	 .3 	 k' 	 k' 	 R 	 k' '3 R 	 k3 	 .3 	 U` 1111111 	 ,111AAAAAA1AAAAA1111.1,4AAF_-: AAAIAA,1 
El 5 5 5 5555 	 ,.... 	 ,..-' 	 9-_,) 	 ,0.2g,0.,ggggggg.clg 
,0›000,,,,,, 	 ›10)111010110001,›.),,›,....›.:,:,,,,,),,,,,:,:,,,D,...,›,› 288288A 	 2888882182222222((:)A828221882P,888 
ggggggggl gg gggggggggggggggggggggggggggggggggggggggg 
''.; '-,' 	 .,' ('-,' (?; r?; ',-1 >1 	 ,' ' l' ' 	 ,' ,' ,1 ', -1 <1 (1 N ). N ,?). '1' r- )' ' ,?; ?-' ; ,1 )'' )' N c'-') )' )' ,1 N' i-') 'ri i 	 c1 ; )' ). 	 r- i ). i r- ) (Zi i 	 i ' ; 0 0 oaoaao 	 pp aaaaaaaaaaappaaaaaaaaaaaoppaaaaappoppapa 8 i i i i t. ). MI' r.) 	 ii r") 8 i . )' n ii i r) i i 8 ii Vci g g g ii ii ii 8 ii r) ni t1 ii 	 ..1 n' i. )1. ; i. ,' ', : ',, ' : , ac ::. :, ' : .,a a a a a a a a 	 a a a a a a a a a o a a a a a a a a a o a a a a 0 a a a a a a a a c) `-' G" ..., " ° ° 
il I nAil 1 olk, Og (Ai Og 	 Oil 1 nAd 1 I I ,A0 I lgn 1 gl olg nAg nli  1 .gol c ,A i , .1 1 1 1 „, 1 il I I .: i 11 clk, I 1 1 1 I .Ad Ad 1 cqg 
9 .3 9 .3 .3 9 .3 .3 	 9 .3 	 .3 .3 9 9 9 9 .3 9 9 9 .3 .3 9 9 .3 .3 .3 .3 9 9 .3 9 .3 9 9 9 9 9 9 9 9 .3 9 .3 9 .3 .3 .3 .9 9 
1 
0 CI 0 G) 0 0 0 X 0 CI 0 0 CI 0 0 CI 0 0 0 0 0 CI 0 0 CI 0 CI 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CI 0 0 0 CI 0 0 0 0 onnonnaox no ()noon() 000000.30000000011000C1000000000(100C10 
219 
›, D,00x 
noon 
0000 
S+9, 9, 5, 
 0000 
8288 
8> 8> 8> 8> 
 no 	 op., 
8882' 0001 
22 0 2 
2211 
00 
00 
00 
3, › 
00 
82 
00 
00 
11 
000010 I 
8888008 00040p;pc0 
8888002 
RRRR002 
2222002 0000 1 0 
onnn x 0 n onnx 0 
i'sggglh 
,•: 
RRRR5 
,..... 0,,0. 
,?.,r),;?-; 00 	 5 ncl 
0000 
0000 
0001 
0000 
0000 
8888 
22220 
RRRR5 
051 
>C0 
081 
FC9 0) 
RRRRRRRRg5 00000000 
g.),04,00000, 
 22222222x 10 10 01 10 10 01 01 
8 8 8 8 8 8 8 8 
999.3 ,3 ,-3.3H 
00000000 
888888880 
8888882P, 
228288820 
00000000 
00000000 
5, MM 
0000000H 
>90.300 
80 .>3° 8> 8' 08 2> 2° 
roZP r- ? :1 	 (rf' 	 ', 	 11." 	 r I' 2 	 R? ,, f:. r. 4 2' 	 00  0i0 	 >r<u) 	 009.0t. 0 0'00,x, )'0 10 00Z00 C.01-, 00.0 	 0,-.0n-o,,,..g,,,,,,, 	 (1 › 00 ,.1000 a 
.„0 ,8.±.. ,,, LD 	 01 	 0.	 t-I/G Tp.,.;<„ ,,,, 	 ,. -,-, ,,-.:. , si . ..,1 . ,,-,,,-. s,rps.., 12,r. 	 ..m ,c ,o ri Su 0, .-, ,c5 .-1 z o , 0 o ,-. 	 . nI 	 ,1 tl co 
0 	 ' 2 0 .-, . c. 2 0 r. . - . ... 0 	 - 0 . 00 0 0000 Xg r...g 2 2 t ,-. 2 1 -0000100-0,'   	 '  	-    	 r-0000-000-00.0-00.   	' `L'   	 ''    	:     
r- -, ,2 f?', 	 2 2 5. .0.10   '0- n!, g 2 2 2 n!. 2 g `;' g ‘'',' 74 g 2 2 n :: , 2 2 . ,r-T. tr; g ',=:. ,:. ',-,,' 0010    2 '13 2' ',"0". g '2, 2 2 g 2 `e' ,." t",," '2.;' g. ,.- 
';.: 17; r:. g; ."3. 000  , trl 11 ta-; '2, ,8 f::, ,',:l t, ' 2 g 'W" fl 2 ::.'" 2 2 ',,;- L.:: 2: § '.' ri . 'W' t ,"' § :1 2. 2 “' 1 1:', . 'ol 2. 2' 2 :=. . .t. 2 2 r,- ,'.- .T.. `E 2 .`:.' : 8 
0000: 
onno, 000 
8880. 
8882 
8888 
noon 
888 000n 0000 
0000 
1112 
0000 
§§§P 
noon 
onnn 0000 
RRRR 
0000 
0000 
0000 
nonn 
onno 
0000 
9999 
onoo 
00000000000000000000 
10' 1> 1> 1> 	 1> 
 
00000000000000000000 
00000000000000000000 
88888882228882882222 
onononoonnoononnonon 
onnoonoonnonoonnonor, 
22222222222222222222 
nnnonnnnonnoonnnonno 
noononn000nononnonno 
ononord n0n 2 n o nnon 0n no 
gi5??1?gn?Vcig1288i1 
4 
R5RRRRRRRRRRRRRR 5ARRRRRRRRR (5r,,%‘r,?-,,, , ,,,,.,,,?,,,,-,;(z;,-1,,,,,,,, ,,?-'.;,,‘,-,' 
`‘ "0 0 ? "0 n''' ? "0 on> on> 0`". or" n`"‘ n''' ' no> on> nn> >2 >2 ''" ' ''n or nr) o?" " c )`'.1 n`". on> on> on> on> 
 01000000000000000000000000 
no on no n on no nn 0000    00 0 0   nn on 00 00 
   nn 2 on 2 2 2 2 0 00000000 onnnonnonnonnono 0 0<000000000000000000000000 
80888888888881222882881888 
8 888888888888888888288888 1 
RARRRRRRRRRRRRRRRRRRRRRRR 
2222 
c>c)cic) 
›. 155 
2222 
1111 
8888 
HHH.3 1 0 , 	 r,)
2>?2 
8 
2202 0000 
5 5 5 0000 
oonn 
8888 
022222 r
8
0000 
8888 
88888 r.››> 
81888> 
 rI)P),`-i'Fir)) 
188888 
R8222 
O 0004)) 
i P.Pg'.P 1211 ><•)''))r))?:' 
02888 
.0000 
0P" 0(2
)00 
 
Ox R° P )0 R° 2° 
I g""g"4 
v. 53 53 53 53 53 rg  
.5-d 20 20 02 02 0R oR or ' 2 Pc i g 20 g g g C9 ig g i 5P Cg 
x >> m» s• x• 	 > s. 
1  5flnmh55555h 22222222222222222222 11111 000 1 0000i 0000000 1 
5  88888888888g8888g888 0<0<90<0<0<0<0<0<90<0<0<0<0<0<0<0<030< 
0<00000000000000000000 
XM>M9, 5, 3•3, 0'>>>0'0'0'>0' 
1  000000000 00000000000 00000000000000000000 000000000'000000>>.0' >00 000000000 , n000000000 88882888288882888282 nnno ono onon onnon" 00000000000000000000 
0<00000000000000000000 
>>>>> x>> 	 9.5.> 	 5, 5•3.5, >9' 
fflV)h•1 M)M) 
0000000000000000000 
1111111111111111111 
x ononoonnonnonnononon 
x>0'>>0>0'0'0'0'0'0'0'»0000,,, 
 xonoonnnonnonnonnoono 
0 0 8 	 8 8 8 8 8 
000000000000000 
888888888828888 
8> 8> 8> 8> 8> 8> 8> >8 8> 8> 8> 8> 8> 8> 8> 
8 8 8 8 8 8 8 8 8 8 8 8 8 
n00000000000000 g 	 82888888/888 0000G)0000000000 
nonnonoonnonono 000000000000000 
111111111211111 
000000000000000 
1> 1> 	 1> 1> 1> 1> >2 1> 1> >2 1> 
000000000000000 000000000000000 
288888822822828 
nonnonon0000nnn 00000
I
000000
1 0 
n000nnonnonnnon 
nonnnononnoonon 00000000000 	 00 
g 
RRRRURRCARRRRRR 
0000000000000000 
0000000000000000 0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 0000000000000000 
8822888888888888 0000000000000000 
R0 *810 Fi 0) R0 PO ;>10 89 R0 R0 R0 R0 R0 0R :>)30 
00000 00000000000 
0000000000006000 5555555555555555 
22222222222222 00000000 00000 0 
0000000000000000 
00000000000000 0 0 0000000000000000 00000,,,00000000,.> 
nnonnononnononno 
on 
28`a82288188A28 
" "noonn oo nn 
8882E8E8E8E22E22 
15555R5 5 5 5 5 5 5 5 5 
0000000000000000 111111111ttlitit 0000000000000000 
> › 0 c-) r9 >>>  0 0 0 ri 0>> 00  0 0 0 
non 
nnn 
ono 
non 
888 
888 
888 
882 000 
non 
00 
on 00 
88 
88 
88 
on 
28 00 
00 
20 
0> 
8> 
00 
220 
o n n n > 
o n o 
• o 
g 
sc c 
0,8 „2 
2 2 
1 
2 
• o > 
2° 8° Q2 1-1c o 
0 0 
8 8 
> o 
n o 
2° 
n 
• '"?., 	 I 'I' 
8" 2° 2%3 2I 2c) § .2c) 
• 0 0 0 > 	 > > 0 0 CI 0 0 0 1 0 0 0 
> > 0 > > > > 
1 1 1 2 2 t 	 0 0 0 I 0 0 I i010010 
61, at!) <18 61) 	 2n 02 	 61) 
'3EG4:42)1112 0 0 0 0 .3 0 0 
0 0 0 0 0 0 6 6 
222282222 
,,§1 
2 2 2 2 
r9S9888HRR g112.<-1000a 
>°c' 
cr.' 0 
2 2 > 
N E 
0 1 
2 
'13 
.L)3 
2 
2° 2° > 
2> 1> 
, 0 , n 
2 0 
2 8 
8 o 
V11 1;;' 0 0 0 0 
a 0 0 
0 a 0 a H 
1111 0 0 0 0 
2 8 8 0000 
c9 
8 
RRR 0.0 
0 0 0 
;30 05 
0 0 0 § 
0'1* 
"); 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 E! 
• • > 	 • 	 • > 00000000000a0.000aaa0000 
Z-S 	 n“-;' 	 n.; 00aa0a0a0000000a000000a0 
	
I 	 3) 	 F9 
111111111111111111111111 §.2.220a2a820022a2020208020§a2a20802§0280§02 
)
• 	
,'3 
8; 8 i; 
)g),6 
I 
",53 	 V.? 2 	 2 2 ,ta or, 	 2 	 2 '2 	 r 	 ,51-n, 	 2 2 2, 2 O" 3", 	 2' 	 2' 	 g n9( Fp' 
	
,;;;.; 	 fD 	 fD 	 tr:1 et n—• rt LI re '0 1—* 	 rt, I 	 P; 	 ;;C PI, 	 Se DJ 	 1:1 et 	 0 et re 0 e, 	 0 el 	 VI '0 et fl 
f Ce ; Cri 	 I!. :1 2 g 	 g 	 ::;" 	 g 	 21"; 	 r-F. 	 2 '2 ',I,' 2 ,t 	 g 	 g 	 g 	 g 
	
4:3 	 II', 5" 	 '8 '8' 11'. 8 '2 2 '2 fr-.' 2 	 2. 	 '81-1 r, 2, 2 	 g 	 2, '2 f4 13 	 '1,7,-1 	 2 2 2; 2 5 	 5 '5 g. 
	
5 5 	 rT; n2. 2 .2 	 2 	 ,a-.) 	 2 5 	 g 	 t7: 	 E FS 	 1;' 	 1 
noon n n 
• n 2 o 
2 2 2 
n> c8 
0° 
• > 
82,2 
8° 2 2° 2° 
8 
• 
VI' 
'118 12r, 
rga8 
2222 
0 0 0 
r2A 
2> 8> 8> 2> 
><: > 
8 
8 
1 
8° 
2 2 > 0 0 
Ox 
0 8 
TO5' 
GO) 0 0 -3 
rl 	 2.' ; 2. ' )	 5 5 I 
'` i 1 rci 
82 : r8 : 
1 0 0 0 0 
i i h 
wli,q1 iiP55555 §§g§§ 1 
um Ui155 ouuip ,:.> 	 ,,,,,  
.;3;3 	 .3„ 0.00004.00 D. 
82222222288 
1181>i>211811111 
, 	 o > 
, 	 0 > 
1 8 	 1 O 5.), 2 
8 2 2 	 ° o 0 0 2 0 0 2 
?"n 3 g 	 go 8, -3 c:-1 
2'1 2' 'n 2°> °2> 2>n °2> °>2 2'9 P2 8'1 2>n 
2 2 2 2 2 2 2 2 2 2 
2; 8 8 8 8' 8' 8 8 8' 8' 8 
8 8 8 8 8 8 8 8 8 8 > > > > > > > > > > > on0nno oonn 
0 0 0 0 0 0 0 0 0 0 
8 2 2 2 8 2 2 2 8 2 2 
8 2 2 2 8 2 8 8 
5k5511111,-,;111 
VANINIUNTA 
0 0 I 
0 0 
o r 
0 0 
0 0 
1 I 	 I 
0 0 0 0 0 
n 
0 0 0 0 0 CI 
?2,9 0 
8S.."2:88c328`;',82';32;82;Pi.";,%2>22,88 
2 2 `;-.)) 8 2 2 2 2 0 	 8 222828228888' 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 8 2 2 2 2 2 2 2 2 
-)" 	 2 'A 	 2 2 
888888(888g88888888888888888 
2 8 8 8 8 8 2 8 8 8 2 8 8 8 8 8 8 8 8 8 8 8 8 8 8 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 n 
2 2 2 2 2 2 2 R 8 2 2 8 2 2 2 2 2 2 2 	 2 
o 0 0 > 	 >, 	 0 > 	 > 0 0 0 
0 0 0 LI 0 0 0 0 0 0 0 0 43 0 0 0 0 0 0 0 0 0 0 0 0 0 
H2121§§§§§§§A§§§§§1§§1 
nr, 0 0 0 0 0 (-) 0 n 	 n 0 0 0 0 r, 
8"2 2› 2> 8› 2› 8' "8 8› 	 2› 	 r8 	 2> > > > > > > > > > > > > > > > > > > > > > > > 
tj1C0i 
0 
2 2 
1111114111 
iiiiiiiiii 000000000a 
2 8 8 8 2 2 8 8 8 8 
0 0 0 41) 0 L) 0 0 0 0 L) G) al) 
RRRRRRRRRRRRR 15 0019 u uoro 
nonononnoonon 
x 0 0 	 0 0 0 0 0 
O 111111111111 
aaaaaaaaaaaa H 
RRoRR,-)inc,RR2R 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1P6111111111 n onn onnonn on 
• 0 0 0 CI C/ 0 0 CI 0 CI 
111111 L'3' 	 11 
1 	 1 	 1 	 1 	 1 	 1 	 1 	 1 	 1 	 1 	 1 	 1 	 1 	 1 
CI 0 0 0 0 0 0 0 0 0 0 0 0 0 
.3 .3 .3 	 .3 	 .3 	 .3 .3 .3 
cro 
CI 0 0 0 0 0 0 0 0 0 0 0 0 0 1.01 h0r1 
nnnnnon n o n n o 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
511 
v3,9 
0 
2 2 
221 
M -- >0<10. <!A 	 Or) 2 , Or' Al 	 , V 02 , MIA 
 
..' ;--It 	 ft' 	 ',?, 	 81 P2 	 P,T,2'0,1 	 DIO GP 	 CO300.M. 	 pp p 0 r 0 	 opytscua, rtri, _ _ !I A p. 2 a 
0.g ii- ,'- 5. m rA 	 L-; ri? § (T,-, it C-' ii r. 'il ', 1 iT: g ei g V- i:: 	 'DR Ix ,Q " 8 2 '<ts, T Fi 	 2 ,' 2, 8 8 ,2, 8 .• g ': 8' 2 8 2- 4 'F,- 8 g g 
00'00 0-00 0 0...00'00 0.000000000X.,0.0.00,0 r- 
	 00 00 0.0 1-, 0001-.., 
	 1-.0 $1.00 
'F;73 2 	 - .8 g 5 2 8 - 8 '4 8 `2 2 '8 2, 8 8 8 8. 8- 1g 2 ,8 g L'., 2 ,..1..'. 5 8 '-00000000000000000-0000--.:'.  
	 ' 	 ' 	 ' '7       	 "    
'; 5 L—:. 2' `'.. 2 8 2', 2 'ti, '07 '8 .2 2, 2 5 '8 g 5 ',1 
	
;-- g g 8 - 8- ,? g 5 ".1. '07 1; g :1.-',i g 2 '2.- 8 S. g 4 1-,:: ',--: 2 '8 8- 5 r— 8- 2 t1: '6' 
: 2 
 
222 : 
, .-3 .3 H ..3 . 00 	 00 0 000000000000000000000000000000000000000 
222 
